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FOREWORD

This work was primarily performed for the Ballistic Research
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of the code from a response code to a vulnerability code which iterates
for critical blast levels, were carried out under Harry Diamond Labora-
tories Contract Numbers DAAG39-77-M-2557 and DAAG39-77-M-4105. The
technical monitor for BRL was Dr. W. Don Alliscn and the technical
monitor for HDL was Mr. Louis Belliveau. Dr. Norman P. Hobbs was the
project leader and principal investigator of the study which was
performed in the Structural Mechanics Group of Kaman AviDyne headed by
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SECTION 1
INTRODUCTION

The response of trucks and tracked vehicles to blast waves in a
tactical nuclear warfare scenario is of considerable interest to military
planners. The present report deals with the development of a computer
code, TRUCK, for the prediction of the response of such vehicles to
blast waves,

Vehicles of particular interest are those which contain 03 equip-
ment and may be necessary for the proper functioning of other military
-elements. A communications shelter mounted on a truck would fall in that
category. Such a system may be characterized by a truck bedy attached to
the axles through non-linear springs and dampers, a shelter mounted on
the truck body, possibly connected to the truck body by springs, dampers,
and pretensioned guy wires, and equipment racks mounted within the
shelter on springs and dampers. The TRUCK code is intended to yield the
gross motions of the vehicle body and of the several elements mentioned
above relative to the vehicle body. Large motions are permitted, so
that vehicle overturning may be addressed. Elasticity of the individual
elements, for example, the shelter, is not included in the TRUCK code.

Previous work in this area 1s reported in Reference 1, which considers
a single degree of freedom system which rolls about an axis on the
ground defined by the tire contact points on the leeward side of a
vehicle exposed to a side-on blast wave. The associated computer program
is specifically designed to predict vehicle overturning.

The TRUCK code is obviously much more complex than the code described
in Reference 1. The TRUCK code includes a large number of degrees of
freedom rather than just one. The fact that many degrees of freedom are
considered means that associated elements, such as springs/dampers, must
be characterized and included in the equations of motion. Bottoming and
rebound of the springs are included in the code. The tire/ground inter-
action forces have to be formulated. In addition, since the TRUCK code
will handle blast waves intercepting the vehicle from an arbitrary
azimuth angle, the aercdynamic loading representation must be much more
extensive than In Reference 1.

Just as the TRUCK code is obviously more complex than the Reference

1 code, it is equally obviously much more cumbersome to use. Data
acquisition and preparation are much more difficult, and computer running
times are much longer. One option within the TRUCK code permits solution
of a relatively simple problem; namely, a three degree of freedom problem
involving vehicle roll, heave, and sideslip only. Even this simple
subproblem still requires data on the tires necessary to define the
tire/ground interaction forces.

lEthridge, Noel H., Blast Overturning Model for Ground Targets,
BRL Report No. 1889, June, 1976. (AD #B012102L)
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In Section 2 of this report, the vehicle model is described. This
description includes the definition of the coordinate system, the
arrangement of the masses and the springs/dampers, and the modeling of
the tire/ground interaction. The aerodynamic loading formulation is
described in Section 3, while the equations of motion are presented in
Section 4.

The computer program based on the foregoing models is described in

Section 5. The solution procedure is presented, the input and output
are described, and an example problem is presented.

12



SECTION 2
VEHICLE MODEL

2.1 Mass Model

The layout of the mass model is sketched in Figure 1. Symmetry
about a lengthwise vertical plane is assumed. There are four types of
masses involved in the model. The f£irst is the vehicle bedy itself, It
is characterized by its mass, center of gravity position, inertia, and’
products of inertia. Note that the assumption of a plane of symmetry
results in two of the three products of inertia being zere, so that only
one product of inertia is needed. For all other types of masses, all
products of inertia are assumed to be zero.

The second type of mass is the axle/wheel combination, which is
described by its mass, center of gravity location, and its three inertias.
Any number of axles may be present {currently restricted to six by
computer program dimensions). Also, any two consecutive axles may be
combined into a bogie free to rotate about an axis normal to the plane
of symmetry.

The shelter is the third type of mass, and a rack is the fourth
type. Each is characterized by its mass and inertia properties. The
racks are assumed to be symmetrically located on the left and right
sides of the vehicle. Any number of racks may be present, although
current computer program dimensions restrict the number to about two or
three on each side 6f the vehicle, the permissible number depending upon
the remainder of the model configuration.

The program may be run with the shelter mass combined with the
vehicle mass, with the rack masses combined with the shelter mass, or
.with the rack and shelter masses combined with the vehicle mass. Ancother
option provides for running with only one mass having only roll, heave,
and sideslip degrees of freedom.

2,2 Coordinate Systems

The primary coordinate system is a body axis system which is attached
to the vehicle body with its origin at the overall system center of
gravity, It is assumed that deformations of the vehicle system (e.g.,
rack motion relative to the vehicle body) are small in comparison with
typical system dimensions. Hence, the center of gravity remains located
at the same point on the vehicle body and the mass matrix, involving
masses, static unbalances, and inertias, remains constant.

The x, y, and z directions, shown in Figure 1, form an orthogonal
right handed body axis system. The right handed rotations about these
body axes, ¢, 0, and Y, respectively, will be referred to as pitch, yaw,
and roll. Translational motions in the x, y, and z directions will be
referred to as sideslip, heave, and fore-and-aft translation, respectively.

13
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In addition to the body-axis system just defined, the motions of
the axles, shelter, and racks relative to the truck body are described
by the degrees of freedom listed in Table 1., Component rotations are
about axes through the center of gravity of the individual component.

In Table 1, the letter "g" is used to indicate a generalized coordinate,
the subscript indicates the direction of the degree of freedom, and the
superscript indicates the mass type involved. The order of the degrees
of freedom is as indicated in Table 1; that is, the overall vehicle
degrees of freedom, the axle degrees of freedom, the shelter degrees of
freedom, and the rack degrees of freedom. The axles are presumed to be
consecutive from front to back. The left side racks will all precede
their right side counterparts in program storage and output. For each
mass type, the order of the degrees of freedom is roll, sideslip, heave,
pitch, yvaw, and fore—and-aft translation. For the axles and the shelter,
not all of these degrees of freedom are allowed; the order remains
intact, however. The total number of degrees of freedom is seen to be
10 + 2a + 12r, where "a" is the number of axles and '"r" is the number of
left side racks. If the shelter is taken as rigidly attached to the
vehicle body, the total number of degrees of freedom is 6 + 2a + 12r.
The dimensions of the current program restrict the number of degrees of
freedom to 530 or less.

The first six degrees of freedom will always be the overall vehicle
degrees of freedom. It will be convenient In some cases to refer to
them as 8)——>8¢» as indicated in Table 1.

Two configurations of interest require different interpretations of
the degrees of freedom. The first is a tracked vehicle. On a tracked
vehicle, there is no axle connecting corresponding tires on either side
of the vehicle. Rather, each tire is independently suspended, each with
its own freedom in the y direction. If, however, two corresponding
tires are assumed to be connected by an imaginary axle, the roll and
heave of the axle are sufficient to reproduce the two heave motions of
the individual tires. One way of looking at it is to view the two
degrees of "axle" freedom as actually being (1) the average of the two
tire heave motions, and (2) proportional to the difference between the
heave motions. Viewed in this way, the use of axle roll and heave is
equivalent to redefining the generalized coordinates to be used to
describe the heave motions of the two tires.

The second configuration which requires further discussion is the
pitch bogie. Tweo consecutive axles may be combined into a bogie which
is free to pitch about an axis midway between the two axles. The available
degrees of freedom, four for the two axles, are adequate to describe the
motions. All that is necessary is to add the constraint that the pitching
moment about the pitch axis must be zero. This results simply in the
bogie suspension spring forces being equally divided between the two
axles involved. o

15
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TABLE 1

VEHICLE MODEL DEGREES OF FREEDOM

MASS TYPE

Vehicle

Axle n

!

Shelter

Rack m

DESCRIPTICN
Vehicle rell
Vehicle sideslip
Vehicle heave
Vehicle pitch
Vehicle yaw

Vehicle fore-and-aft translatien

Axle n roll relative to vehicle body
Axle n heave relative to vehiecle body
Shelter roll relative to vehicle body
Shelter heave relative to vehicle body

Shelter pitch relative to vehicle body

Shelter fore-and-aft translation
relative to wvehicle body

Rack m roll relative to vehicle body
Rack m sideslip relative to vehicle body
Rack m heave relative to vehicle body
Rack m pitch relative to vehicle body
Rack m yaw Felative to vehiclg body

Rack m fore-and-aft translation
relative to vehicle body
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Since large motions of the vehicle are to be considered, it is
clear that g, ——ag, do not define the location and orientation of the
vehicle body, This is true because these motions take place along and
about constantly changing directions. In order to determine tire-ground
interactions and in order to calculate the blast loads, it is necessary
to know the location and orientation of the vehicle. For this reason,
an earth-fixed axis system and Euler angles are introduced. These will
be denoted by 81— 8> where g, is the Euler roll_angle, gz is the
motion of the cénter o? gravity In the earth-fixed x directibn, and so
forth. The earth-fixed x and z axes are horizontal and the y axis is
vertical. The origin of the earth-fixed axis system is defined as
follows. Consider the vehicle with the x-z body axes horizontal. Place
the vehicle such that the tires just contact the ground (assumed to be
horizontal for the moment). The origin of the earth-fixed axis system
1s then at the vehicle center of gravity, and the earth-fixed and body
axis systems are coincident with the vehicle so placed. Note that the
X, ¥, 2 values at blast arrival will not be zero, because the vehicle
must settle from the specified position under the action of gravity.

The present formulation permits the ground to slope in the x
direction; that is, the slope is restricted such that all ground points
at the same value of X will have the same value of y. The origin of the
earth-fixed axis system with the vehicle on a slope is the center of
gravity cf the vehicle with the vehicle placed such that the tires just
contact an imaginary horizontal ground plane at the same height as the
actual ground directly below the center of gravity.

The Euler angular rotations are taken in the conventional order
§, 6, ¢ (which are the same as El’ 855 8 }. The Euler angular velocities
are found from the body-axis angiilar”velocities from the relations
(see, for example, Reference 2)

1

$ = s (gl cos¢ + 25 sing) (1a)
é = gs cosd — él sing (1b)
$ = g, + @ sinb (le)

Here a dot indicates differentiation with respect to time. The Euler
angles arz then found by integrating the angular velocities.

Translational velocities in the earth-fixed and body axis systems
may be related through a transformation matrix, B.

2Etkin, Bernard, "Dynamics of Flight", John Wiley and Sons, Inc.,

New York, 1959.

17



- ™ = -
& g7
B3 = |8 83 2)
§6 - - g6 i
where
(cosh cosi) —cos¢ siny sing siny )
+sin$ sin® cos@ +cos$ sin® cosy

B = (cos§ siny) cos$ cosm ) (—sin$ cosy (3)
+sing sinf siny +cos$ sinf sin;)

(-sinfb) (sin¢ cosB) (cos¢ cosh)

- |

The location of the vehicle center of gravity is found by integrating
the earth-fixed axis system velocities.

2.3 Representation of Springs and Dampers

The various masses described previously are connected by springs
and dampers. The springs and dampers are characterized by their mechanical
properties and by their attachment points to the masses they interconnect.

The mechanical properties required are simply the curves of force
vs displacement for springs and force vs velocity for dampers. The
conventions used herein are as follows:

Springs:
Shortening is a negative displacement and gives a positive force.
Elongation is a positive displacement and gives a negative force.

Dampers:

The compression stroke corresponds to a negative velocity and a
positive force.

The rebound stroke corresponds to a positive velocity and a
negative force.

18



Each spring or damper curve is approximated by a series of straight
lines, so that non-linear behavior 1s accounted for. No hysteresis
effects are included, however; thus, loading and unloading take place
along the same curve,

Consider a spring connecting mass "r'" to mass "s". The coordinates
at which the spring attaches to mass r will be designated by Rx s 2y s

r r

and Rz » where the lengths, £, are measured from the center of gravity

r
of mass r, and similarly for mass s. The elongation of spring "i'", §

»
may be found from the generalized displacements, gj. i

5 =injJ g,) | (4)

where Aij‘will be zero except for j corresponding to degrees of freedom

of mass r or mass s. It should be noted that g, ——p g, are never involved
in spring elongations, since they refer to overidll motions of the entire

vehicle. Hence, the j dimension of the matrix Aij can be 6 smaller than

the total number of degrees of freedom. Note also that the same A matrix

transforms generalized velocities, gj, into elongational velocities, &i'

The spring direction cosines are

t -1 )/L (5a)

a =
S r

b= (LyS- Lyr)/L (5b)

c = (Lz - Lz )y/L {5¢)
s r

where the subscripted L's are measured from any common reference, and

2

_ 2
L = J(LXS-LXI.) +(Ly (6)

~-L )2+(L =L )
Y, z Tz

8 -] r

19



The spring elongation is then given by

§ = [g -g + 2 g - £ g, — % g + 2 g Ja
s *r Zg 8s Zy er Vs ws Ve wr
+[g -¢g -2 g, + 2R g, + & g -2 g 1b (D
Vs Ir g qbs Zy ¢r Xg lps X ¢r
+ - -— —
8, -8, 4, By~ % 8 ~ % 8 T g lc
s r s s r T s s T

The elements of the ) matrix may be easily deduced by comparing Eqs.
4 and 7.

The present formulation permits guy wires to attach the shelter to
the vehicle body. These are handled exactly as ordinary springs except
that a guy wire preload may be specified. That is, the value of the
tensile load in a guy wire with the truck in a trimmed condition under
the action of gravity may be specified by the analyst. All other springs
will end up with whatever load is consistent with a trimmed condition.

Spring bottoming is allowed. When a spring bottoms out, an elastic
collision conserving kinetic energy is assumed. The collisicn process
involves an instantanecus change in velocities, effectively due to the
application of an impulse at the collision point. 1If the velocity of a
point is denoted by v, v_, and v_ and the change in velocity due to the
collision by Avx, Avy, an sz, conservation of kinetic energy means that

f%(VX+AVX)2+(vy+Avy)2+(vz+sz)2— vxz-vyz—vz f dm = 0 (8)

where dm is an elemental mass and the integral extends over all masses.
Equation 8 may be rewritten

2f{vAv+vAv+vAv}dm+ ’Av +Av2+Av2} dm = 0 (%)
X x y y z z \

20



If a unit impulse applied at the collision point produces velocity
changes ﬁvx, ﬁvy, and sz, then

Avx = IcSvx (10)

and so forth, where I is the value of the applied impulse. Substituting
Eq. 10 into Eq. 9 and rearranging,

‘/jvxdvx-l-v v +vz6vz } dm
I=-2 5 Yz Y o (11)
f{ Sv_"4+8v "+bv } dm
X y z

The integrals in the above equation may be expressed in terms of the
present mass model as

f{vxévx-l-vysvywzé‘vz} dn = [g,] [M; ,] {agj} (12)

J[}va2+5vyz+dvzz} dm = [Géi] [Mi,j] {ng} (13)

where 6§ is the generalized velocity change due to the application of a
unit impulse at the collision point and Mi , 1s the generalized mass
matrix, defined in Division 4.2, Table 3. >

The velocities, §, are known at the time of collision. The velocity
changes due to a unit impulse, §§, can easily be found by applying the
equations of motion developed in Section 4. Equations 12 and 13 then
allow the integrals to be evaluated, and Eq. 1) may then be used to
determine the wvalue of the required impulse. The velocity changes may
then be found from Eq. 10. Finally, the new velocities are found by
adding the velocity changes to the velocities which existed just prior
to the collision.

2.4 Tire-Ground Interaction Forces

The tire-ground interaction is based upon a Coulomb friction
representation. The force on the tire consists of a component normal

21



to the ground surface and a component tangential to the ground surface.
These will be referred to simply as the normal and tangential forces.

The nermal force will depend upon the normal deflection and normal
velocity of the tire and the tire spring and damping characteristiecs.

The tangential force representation separates into two regimes, non-sliding
and sliding. While the tire is not sliding, the tangential force depends
upon the tire tangential deflection and velocity and the spring and damping
charactexistics of the tire. When the tangential spring force reaches a
limit value, equal to the tire normal force times the coefficient of
friction, the tire starts to slide. The tangential tire force during
sliding is taken as equal to the normal force times the coefficient of
friction and is in a direction opposite to the tangential deflection.

A tire is also allowed to leave the ground, at which time the
ground-interaction forces become zero, of course. When the tire contacts
the ground again, the tangential tire deflection is set equal to zero.

The mathematical implementation of the above concepts turns out to
be rather complex. A brief description of the development is given below.

The ground geometry is shown in Figure 2. The ground surface is
assumed to consist of two intersecting planes, with the intersection line
parallel to the earth-fixed z axis. The ground slopes in the two regions
are Yl and Yos and the slope change occurs at x = X

The position of the center of the tire in the earth-fixed axis
system is given by

xt Lx - Lygw 89 ‘

y = L+ g +2 + /g, +R-L 14
Ve B y T e th8y 84 v (14)
“t Lz &6

In Eq. 14, the &'s are measured from the axle center of gravity to the
center of the tire and the L's are measured from the vehicle center of
gravity to the center of the tire. The generalized displacements g and
g, are for the axle associated with the tire being considered. Theyy
d*stance is biased such that, with the vehicle wheels just touching tﬁe
ground, y. will be equal to R, the tire radius. This may be verified by
observing that 2., g , and g, are all zero for the pre-blast condition
which establishes thé originwfor the earth-fixed axis system.

22
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Knowing the position of the center of the tire and knowing the
ground surface configuration, the height of the center of the tire above
the ground, measured in the plane of the tire, may be determined. The
expression for the tire height, which is the result of a moderately
lengthy development, is

[yt - X tany - A] Qa

= _ : (15)
Vzi (l+tanzy)-(n-£tany)2
where
n = §t (left tire)—§t(right tire) (16)
£ = ;t (left tire)-ﬁt(right tire) (17)

and ¢ dis the axle length. The parameter A characterizes the ground
configuration, and is defined in region 1 by

b
]

0if x, >0

b=
i

X (tanyz—tanYl) if X o < 0 (18a)

and in region 2 by

A= = Xoo (tanyz—tanyl) if X e >0

b
It

0 if x . < 0 (18b)

Equation 15 is used for each of the two regions, and the smaller value
of H is used if the ground contour is concave, and the larger is used
if the ground contour is convex. The corresponding region is noted,
and the slope of that region is used in ensuing calculations. It may
easily be verified that in the case of zero ground slope with the axle
horizontal (n=0), Equation 15 gives H = §t’ as it should.

The tire in-plane deflection is

§ =H-R (19)

24



If the deflection is negative, the force is found from the tire char-
acteristics. The component of this force normal to the ground is then
used. If the deflection is positive, the tire is off the ground and all
tire forces are zero.

Assuming the tire to be rigid, the body~axis components of the
velocity of the tire contact point .are given by

<Vt} = Lxgl + 8y - L284 + £xg¢ + gy (20)

(Ly“R)g4 - R'xgs + 86

This velocity must be broken down into components normal to and tangential
to the ground. This is done by using a unit vector normal to the ground,
N, the body axis components of which are given by

1T -siny
{N} = [BJ cosy (21)
0
where it should be noted that the transpose of B is equal to the inverse

of B.

The velocity normal to the ground is simply the dot product of the
Vt and the N vectors, and the associated components are

{VN} - ([N] {vt}) {N} (22)

The term in parentheses is a scalar and is simply the magnitude of the
normal velocity, except that it may be either positive or negative.

Knowing the total velocity and the velocity normal to the ground,
the tangential velocity, VT’ is simply the difference,

{VT} - {Vt} - {VN} (23)

The normal and tangential velocities are used to calculate tire damping
forces, and the tangential velocity is integrated to determine the
tangential displacement, 6§, which is in turn used to find the tire
tangential spring force. %he tangential velocities of the front tires
(axle 1) are given special treatment, however, on the assumption that
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the front tires are free to roll in their planes. Therefore, for a
front tire, the component of the tangential velocity which is normal to
the intersection of the wheel plane and the ground plane is used rather
than the total tangential velocity.

If the tire is in contact with the ground and is not sliding, the
normal and tangential spring and damping forces are found as indicated
above. The spring forces are applied in directions opposite to the
displacements, and the damping forces are applied in directions opposite
to the velocities. The maximum allowahle tangential force, uF;, where
p is the coefficient of friction and FN is the normal spring force, is
continuousiy monitored. When the tangential deflection becomes such
that the corresponding spring force, Fﬁ, is greater than yF., the tire
is allowed to slide. The tangential damping force, Fg, is set equal to
zero and F;. is set equal to uF. and is taken to act in opposition to
the tangenEial displacement.

During sliding, the magnitude of the tangential deflection is
always equal to the value corresponding to the force uF_. The direction
of the tangential deflection is found as follows. First of all, a more
specific definition of "tangential deflection" is required. To do so,
two tire-ground contact points are defined. The first is the contact
point which would exist if the tire were rigid, which will be referred
to as the rigid-tire contact point. The velocities given by Eq. 20 are
the velocities of this point. The second contact point is the actual
contact point between the tire and the ground. The tangential deflection
is the vector from the actual contact point to the rigid-tire contact
point.

During each time step, the motion of the actual contact point is
assumed to be in the direction of the previous tangential deflection,
The rigid-tire contact point moves in the direction of the tangential
velocity an amount equal to that velocity times the integration time
step. The position of the rigid-tire contact point is thus known, the
magnitude of the tangential deflection is known, and the line along
which the actual contact point must lie is known. These facts are
sufficient to permit definition of the location of the actual contact
point.

When the movement of the actual contact point as determined by the
above procedure is in opposition to the tangential deflection, sliding
stops. Since the tangential deflection has been maintained consistent
with the tangential force during sliding, a smooth transition takes
place when sliding stops.

This completes the development of the tire forces. The total tire
force, comprised of Fg, Fg, Fg, and FT’ all acting in their appropriate

directions, will be designated by Ft'
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SECTION 3
AERODYNAMIC LOADING

3.1 Introduction

The loading on the vehicle results from the blast wave from a
nuclear explosion. Associated with the blast wave are increased pressure
and density and material velocity. Blast wave characteristies for two
heights of burst are contained in the program. Those corresponding to
a height of burst of zero are based up;flgurve firs in Reference 1;
those for a scaled burst height of 60 meters are based upon
Reference 1.

The blast wave front is assumed to be normal to the ground surface,
and the vehicle is assumed initially to be essentially normal to the
ground. As the blast wave envelops the vehicle, the wave reflects from
the vehicle surface and rarefaction waves emanate from free edges to
relieve the reflected pressure. At later times, the loading is essen-
tially a drag type loading, resulting from the material velocity asso-
ciated with the blast wave. The development of the aerodynamic loading
is separated into these two regimes, which will be referred to as the
diffraction loading and the drag loading.

3.2 Diffrizction Loading

The diffraction loading is based upon shock-tube experiments reported
in Reference 4. In these experiments, front and back face pressures on
a rectangular block were measured with the shock wave normally incident
on the front face (shock front parallel to front face). Tor the present
application; diffraction loadings for arbitrary intercept angles are
required. To permit extension of the shock tube results to arbitrary
intercept angles, a crude model roughly reproducing the diffraction
processes has been constructed. The model is fitted to the experimental
front and back face pressures and, since the physical processes are at
least roughly modeled, it 1s hoped that reasonable pressures are predicted
for other intercept angles.

It is assumed that the vehicle moves very little during the diffraction
period, so that the shock wave and the vehicle may both be taken as
normal to the ground. This assumption limits the number of configurations
which must be addressed. The intercept geometry is shown in Figure 3.
It may be seen that @ = 0° corresponds to the shock-tube experiment, 8§ =
90° corresponds to intercept of the vehicle from the front, and 6 = -90°
corresponds to intercept from the rear. Due to truck symmetry, only the
range -90° <8 _<__900 need be considered.

3Ethridge, Noel H., private communication.

4Taylor, W. J., A Method for Predicting Blast Loads During the
Diffraction Phase, Shock and Vibration Bulletin 42, Part 4,
pg. 135, January, 1972.
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FIGURE 3. BLAST WAVE INTERCEPT GLEOMETRY
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The btasic model for the diffraction loading involves waves emanating
from free edges. For a point, p, on a rectangular face, four distances
are defined, as shown in Figure 4, A wave is assumed to emanate from
each free edge at the time when the undisturbed shock front reaches the
edge point defined by S, - The wave moves at a velocity "a'", which will be
defined later. With thé shock velocity designated as V o effective edge
distances, s,, may be defined which account for the timé at which the
wave starts Yelative to the time at which the undisturbed shock reaches
point p. For example, suppose that the face shown in Fig. 4 is the left
side of the vehicle, which is the side first intercepted by the shock
wave. Suppose that 6 is positive, so that the edge defined by s, is
intercepted first, and define zero time as the time of first intéercept.
s,51in8
— -

S .
At that time, the rarefaction wave from the sy free edge will have moved

The time at which the undisturbed shock reaches point p is

a distance 51 5—3192 toward point p. Hence, in effect the edge distance
8y 1s decreased b? the amount 84 é_%i&ﬁ__ The effective edge distance
s
in this case is then
- _ a sind
5, = 81 [T - —-?r——ﬂ (24a)
s
Similarly, for the same left side face,
5, = 8, (24b)
- a sind
Sy = S, 1+ __V;__] (24c)
5, = 8, | (244)

The cther faces may be dealt with similarly. For the front of the
vehicle, with Fig. 4 considered as a view from in front,

s, =8 [1+ 5—%9?3] (25a)
52 = s, ° (25b)
5, =85, [1 - 22088 (25¢)
§4 =s, ° (25d)
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FIGURE 4. DIFFRACTION LOADING MODEL
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For the rear of the vehicle, with-Fig. 4 considered as a view from the
rear, .

5, = s, [1-2%esd | (26a)
5, = 5, ’ (26b)
5y =s, 1+ 2 costy (26¢)
5, = 8, ° (26d)

For the rvight side of the vehicle, with Fig. 4 considered as a view from
the left side, Eqs. 24 apply. The top and the bottom of the vehicle are
treated separately later.

The wave from the free edge 1s assumed to produce an exponentially
varying pressure at point p with time., Hence, the form of the diffraction
loading is taken as

4
X% 3., E, (1,-1)
& i1

Ap(t) = [Ap(t=0)-Ap(t==)]e + Ap (t=} (27)

The time zero reference is the time at which the undisturbed shock reaches
point p. The quantities Ap(t=0) and Ap(t==) are the pressures at point p
at time zero plus and time equal to infinity, respectively. These will
be defined later. The parameter E, is an effectiveness factor, which

will be defined later also.' For tﬁe moment, consider Ei to be unity.

The dimensionless time parameter, T is defined as

o]
t

1, =2t ' (28)

wl

A wave from the edge is seen to reach point p at Ty 1. For Ty <1,
(Ti - 1) in Eq. 27 is taken as zero.

The constant k is seen to be the only free varilable available to fit
the shock “ube data. The empirical fit for k is as follows.
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Defining the shock strength

ApS

£ = Ei:_ (29)

where Ap is the shock overpressure and P, is the ambient pressure, and
defining

B= 0.1 +°—é-°-?— (30)

the constant k is given by

k=%k for 0<a< 90°

(31)
(1-0.2£) for o = 180°

=
n
=

The angle o is the angle between the shock wave and the vehicle surface
being considered. For example, for 6 = 00, o for the left side is 0° 6
for the rlght side 180° , and for the front and back, 90 For 6 = 45

a 1s 45 for the left side, 135° for the right side, 45° for the front
and 135 for the back. For 90< o <180° , linear interpolation between k
(0 = 90°) and k (o = 180° ) is used The values of a corresponding to
the shock tube experiment are 0° and 180°

The pressure at time zero plus is the reflected pressure for
surfaces facing the blast wave and zero for surfaces facing away from
the blast wave. The reflected pressure versus angle of incidence is
taken from Reference 5, and is defined in Fig. 5 for a < 90°. For
a > 90° , hp(t=0) is taken as zero.

The pressure at time equal to infinity should be simply the drag
phase pressure, Ap_ + ¢_ q, where c_ is the pressure coefficient and g
is the dynamic pressure. However, In order to ensure transition from
the diffraction period loading to the drag phase loading, Ap(t==) is
biased from this value. For positive pressure coefficients,

Ap(t==) = Aps for ¢ >0 (32)

5Lee, William N. and Mente, Lawrence J., NOVA-2--A Digital Computer
Program for Analyzing Nuclear Overpressure Effects on Aircraft,
Part 1, Theory, AFWL-TR-75-262, Pt 1, August, 1976.
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FIGURE 5. REFLECTED PRESSURE
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Transition to drag phase lcading takes place when the diffraction loading
becomes less than the drag loading.

For negative ¢ and a < 907,
A t= = A 2 c for ¢ < 0 33
p(t=x) = P + p q p (33)

Transition to drag phase loading again takes place when the diffraction
loading becomes less than the drag lecading.

Finally, for a>90° (cp is always negative for this case),
Bp (t=w) = Ap_ a>90° (34)

Transition to drag phase loading takes place when the diffraction loading
becomes greater than the drag loading.

Returning to the definition of the speed of the waves from the free
edges, a, the first step is to define the flow velocity immediately
behind the incident shock wave pattern. For a weak wave, the flow
velocity along the surface, W, is given by

W=2wsinua (35)

where w is the material velocity behind the shock wave. Tor o = 900, W
must be equal to w, which is incogsistent with Eq. 35. In order to
satisfy the known point at o = 90, Eq. 35 is rather arbitrarily replaced
by Fig. 6, which is then used to define the flow velocity. For o > 900,
w is taken as zero.

The material wvelocity, w, and the shock velocity, V , are given in
terms of the shock strength, £, through the Rankine-Hugoniot relations.

we—25__ 4 (36)

v7ii+6 £ °

vV = 46 g a (37)
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where a_ is the ambient speed of sound. The speed of sound behind the
inciden® shock wave pattern, ag, is

as ={(8E+7)(2€+7) a for a=0°

7(7+6&) o
(38)
[_(e+l) (e+7) 0
ag —V 7+6E a  for a=90

For other angles, a_ is approximated as in Figure 7.

5

The preceding relations allow the definition of the wave speed "a"

for the various incidence angles and surfaces. These definitions are
given in Table 2. Note that & has been interpreted in terms of the
corresponding value of a.

The development up tco this point completely defines the diffraction
phase loading for the shock tube experiments, since E, in Eq., 27 is
unity for those cases. The model described herein agrees with the
experimental data within experimental accuracy. It should be recalled,
however, that the shock tube experiment was solely for 6 = 00, and was
also for a single block geometry. Accordingly it must be remembered
that the present model is of unknown accuracy for other geometries and
incidence angles, particularly for other incidence angles.

The parameter E, requires general definitjon, The need for such a
parameter, which is éssentlally an edge effectiveness factor may be
seen from the following considerations. Suppose § = 45° The shock
then strikes the front and left side faces equally. Hence, no clearing
wave emanates from the corner first struck by the shock wave in either
direction. But the definition of the relevant s, leads to small or even
negative values of s, (see Eq. 24a). Since the'edge is actually com-
pletely 1neffect1Ve,1Ei should be assigned a value of zero for this
case. Also, E, should be unity for a= 0°, to maintain the correlation
with the shock tube results. For a>900, there is no problem with the
definition of the edge distances and E, should thus be unity. For a
between 45° and 90°, the pressure on the relevant face is higher than
that on the adJacent face; hence, the edge is ineffective and E, must
be taken as zero. Finally, unless E, is taken as zero for a slightly
less than 450, s, will go to zero at moderate shock pressure values, and
will thus give unreasonable results. Rather arbitrarily, E. has been

o ()
taken as going to zero at a=30", varying 11nearly from unity at a=0" to
that value at a=30° Ei is zero from a=30° to 0=90° » and is unity for
a>90°,
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TABLE 2

Definition of Wave Speed, a

Surface
of Vehicle ] i=1 i=2 i=3 =4
Left Side > 0° as (8)+4(9) a5 (8) ag (6)-W(p) ag ()
< 0° ag(le)-w(leDlagClo]) [agclo+wclo]) lag(le])
+90° a5 (90°)+w a5 (90%) | a (907w ag (90°)
Right Side |-90°<8<90° 8, a a, a,
-90° a5 (90%)-w a, (90°%) | a (90°)+w a5 (90°)
Front 0°<0<90°  |a(90-6)-W(90-8)}a,(90-8) | a (90-8)+W(90-0)|a, (90-6)
—90°§ﬁ<00 a a, ag a
Rear O<8§900 a a a a,
~90°<6<0°% | a  (90+0)+W(90+8)| ag (90+8) fa  (90+0)~W(90+) a. (90+6)
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The rext problem requiring attention is the definition of s, for
non-rectangular shapes. The development up to this point has be&n com-
pletely concerned with rectangular faces. The extension to non-rectangular
faces is not obvious. The convention adopted herein 1s depicted in Fig.

8. The surface treated is assumed to consist of a group of rectangular
surfaces. For the cross-hatched areas, the definition of the s, is
consistent with that given earlier. . For a point p in the non-cfoss-
hatched area, s; and s are defined in the manner in which s, and s

would ordinaril% be de%ined. In addition, the distance r to the in%erior
corner is defined as indicated in Fig. 8. The larger of s’ and s is
accepted as s, or s,; in Fig. 8, s will be taken as s.. }he smafler

of the remaining si or r is taken ds the other ;3 in }ig. 8, r will be
taken as P

Finally the top and bottom surfaces have not been treated yet. The
treatment adopted herein is simply to use the drag phase loading always.
This 1is in error at time zero, when the pressure should be Ap and is
instead Ap_+ c¢_q. The difference is small, however, because®c_ is
small. ThE rea® problem with the top and bottom surfaces is thBt the
mest significant effect on overall motion is produced by the difference
between the top and bottom surface loadings. The bottom surface loading
cannot be predicted well, due to the unevenness of the bottom surface,
ground interference, and so forth. Hence, an approximation to the top
and bottom surface loadings is acceptable, and the exclusive use of the
drag loading is simple and expedient.

The foregoing has defined the pressure at a point. Integration
over all points then defines the loading on a surface. 1In practice, of
course, the integration is replaced by a summation over several points,
with each point used as representative of some portion of the surface area.

3.3 Drag Loading

Following the diffraction phase, the pressure loading becomes a
drag .type of loading. As indicated in the previous division, the pressure
loading during the drag phase is given by

Ap(t) = hp_ + c;q : (39)

where Ap and q are the overpressure and dynamic pressure associated
with the®blast wave. The task of estimating the drag-phase loading thus
becomes a matter of determining the pressure coefficient, ¢ . The
pressure cozfficient must be determined for arbitrary burstPorientations
(with the shock assumed to be traveling parallel to the ground) for the
various rectangular areas which make up the exterior surfaces of the
vehicle model.

These are numerous factors which can affect the value of c ;

however, most of these will have to be ignored, as will be seen® 1In
establishing reasonable values of cp for this application, use is made
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FIGURE 8. DEFINITION OF Sq FOR NON~RECTANGULAR FACE
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of available experimental data for ¢_ and for the "drag coefficient" C
on box-like bodies. C_ represents aPdifference in pressure between
opposing surfaces of a structure.

Some of the parameters which affect the value of c¢_ are Reynolds
number, corner radii, Mach number, aspect ratio of bodypbeing studied,
ground effects, and the angle between the flow velocity and the surface
normal, o, Of these, only the variation with ¢ will be considered. It
is rather obvious that ¢ 1is the most important of the above parameters
with respect to affecting c_, and must be accounted for. Of the remaining
parameters, the most importgnt are the Reynolds number and the corner
radii, which affect the critical Reynolds number. The Reynolds number
varies with time as the blast wave decays, and is also, of course, a
function of blast wave strength. Since the largest drag loading occurs
early while the blast wave characteristics are near their maxima, the
selection of the pressure coefficlient has been based on Reynolds numbers
in the vicinity of maximum Reynolds numbers associated with blast wave
strengths between about 2 and 10 psi at sea level. Mach number has
little effect for the rather small Mach numbers associated with the
above blast strengths. Aspect ratio has a modest effect and cannot
easily be accounted for for the odd shapes to be addressed. Ground
effects are much too complex to be handled in the present development,
and are undoubtedly less important than Reynolds number and corner
radii effects.

Thus, it remains to determine ¢_ as a function of «. The angle o
is the angle between the material veRocity vector and the inward facing
surface normal. This is the same as the angle o defined in the previous
division, except that there, in considering the diffraction loading, the
vehicle was assumed not to move. In the drag loading definition, the
instantaneous orientation of the vehicle is used, so that the present g
may be considered to be a generalization of the o used in defining the
diffraction phase loading.

Flrst consider a block with the shock front parallel to one face
(u*O ). Tor the opposite face, a = 180°. References 6 and 7 indicate
that an average value of 1.25 for C_ is reasonable. At the same time, a
good average value of ¢ for the leeward surface seems to be about -0.4
Hence, since C_ is related to a pressure differential, a value of 0.85
for Cp is adopged for the windward surface.

Havirg assumed -0.4 and O. 85 as values of c¢_ on the leeward and
windward cides (w‘OO and o=180° ), it is neeessagy to extend the formulation
for arbitrary values of o, Referring to experimental evidence in Reference
7 again, there is indication that the value of ¢ decreases by approx-
imately a function of cosa for a<300 but thereafPer somewhat faster
until a value of approximately ~0.4 or -0.5 is reached at about 105°-
110° Thus, the following approximate formula is adopted:

6Hoerner, §. F., "Fluid-Dynamic Drag', 1965.

7Hankins, Dorris M., Experimental Pressure Distributions and Force
Coefficients on Block Forms for Varying Mach Number, Reynolds
Number, and Yaw Angle, SC-4204(TR), January, 1959.
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9
0.85 cos (g o) (0<a = 77
(40)
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SECTION 4
EQUATIONS OF MOTION

4,1 Introduction

In the preceding sections, the mass model, the generalized coordinates,
and the forces from the springs, dampers, and tires have been introduced.
In order to obtain the equations of motion, the inertia terms must be de-
fined and the various forces must be converted to generalized forces.

4.2 TInertia Terms

The body-axis components of the acceleration of a mass are

g = ByBy8y * Bg8g + by - LB + LE

X
- - 2 .2 ) (41a)
-ZLysl +2Lg - L (& + 35)+g4(Lyg5+ngl)
ay - §3-g436 + glg2 + Ly+Lx§l-ng4 + 2Lxél_szgA
2 9 {41b)
- Lo(gy gy ey (Lg, tLgy)
a, = Bgt8,85-858,% L -1 Byl B, -2L g +2Log,
(41c)

1

2 a2 s :
L&, + 85) + &) (Lg, + L&)

These equations may be found in Reference 8, although with different
variable names. As before, a dot indicates differentiation with respect
to time. The time derivatives of the lengths may easily be defined in
terms of the time derivatives of the generalized coordinates in Table 1.

8 .
Hobbs, Norman P., Zartarian, Garabed, and Walsh, John P.,

A Digital Computer Program for Calculating the Blast Response of
Aircraft to Nuclear Explosions, Volume 1, Program Description,
AFWL-TR~70-~140, Vol. 1, April, 1971.
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The inertia terms in the equations of motion may be defined by taking
the dot product of the acceleration vector and the vector which defines the
displacement of a mass due to a unit displacement of a generalized coordinate,
and by then integrating the mass times this dot product over all the masses.
For the generalized coordinate g,, for example, the displacement of a mass
due to a unit displacement has t%e components (-L , Lx, 0). The corres-
ponding inertia term is thus y

J/. Lo [8)=8 85*858g * Ly- 1.8 Bs-2L 8y + 2L &g

L2 ,2 ) ) .
—Lx(zz.;1 + 35) + g, (Lyg5 + ngl)]

+Lx [ §3—g4g6+glg2+ Ly+Lx.g. l—Lz§4+2Lxgl_2LZ By

2

LS+ + 8. (Lg,
¥y 1

4° 5 T'x

Recalling that the lengths, L, are measured from the vehicle center of
gravity and that symmetry exists about the y-z plane, and introducing

the discrete masses, M, and their inertias, I, about their own centers of
gravity, considerable simplification is possible, leading to

Z [IZZ+M(L)2(+L§)] gy [Iyz-i-l\'ILyLz]'g'S
ML B FMLE + TR,
+[Iyy-IXX+M(Li—L§)}gag5
SUL, L TG 8, - M, (L E AL )

" +2Mg1 [Lyfgy + Lxgx}

_gS[Ixx+Izz-Iyy]g¢

]

+g4[Iyy+Izz_Ixx]g8j
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The assumption that the product of inertia, I__, is non-zero only for
the truck body mass has been used in the abovés expression. In addition,
substitutions such as L_ = g -k g + 8 g have been made, where it
will be recalled that the length yzwis measured from the center of
gravity of the individual mass.

From the above expression, it is apparent that the inertia terms
may be separated into two parts; those involving second derivatives and
those not involving second derivatives. The coefficients of the second
derivative terms form the generalized mass matrix, which is given in
Table 3. Because of the use of body axes and the assumption of small
distortions, the mass matrix is constant. The terms not involving
second derivatives are called inertia forces here, and these are listed
in Table 4.

4.3 Generalized Forces

The forces from the springs and dampers and tires have been derived
in Section 2 and the aerodynamic loading was developed in Section 3.
These forces need to be converted to generalized forces for use in the
equations of motion.

The spring/damper forces will be designated as F_. These forces
are in the directions of the springs or dampers. In Bivision 2.3, a X
transformatilon matrix was defined which converts generalized coordinate
displacements into spring elongations. The generalized force may be
found by taking the dot product of the spring force vector with the spring
displacement. vector corresponding to a unit displacement of the generalized
coordinate. Thus, the generalized force, GF, becomes simply

[6F.] = [F_] [A] (42)

It will be recalled that X contains no elements corresponding to the
first six degrees of freedom; that is, corresponding to the generalized
coordinates for overall vehicle motion. Hence, the spring generalized
force for each of the first six coordinates is zero, which is physically
obvious since an internal force cannot produce overall wvehicle motion.

The tire forces derived in Division 2.4 are in body-axis components,
and are designated by F The conversion to generalized forces is
obvious from the above considerations, and the results are given in
Table 5.

The aerodynamic forces from Section 3, F 40 are algo in body-axis
components. The associated peneralized forces are pgiven in Table 6,

The generalized forces due to gravity may be expressed in terms of

the B transformation matrix which relates earth-fixed axis motions to
body-axis motions.
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TABLE 3

GENERALIZED MASS MATRIX

2 .2
M, = DI, +Mal+ L)1

=

M1 5 =_E{Iyz + I“[LyLz]

Ml, g]1p B Izz
M = ML
1,8, y
M = ML
1, gy b4
Myo = 2
M =M
2,gx
My 3 =)
M =M
3,gy
2 2
= +

M, Z [T + M @y +L)]
M, = ML
4,

& z
Ml},gd) = Ixx
M = ML
b,g y
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TABLE 3 (CONT'D.)

GENERALIZED MASS MATRIX

2 2 ,
5,5 E[Iyy ML, + L)) :

=
i

M = ML

5,gx z

M =T
S,ge yy

M = =ML
5,gz X

Moo = DM

M =M
6,gz

M T tzz
g‘P ’gq}

M =M
By 28

M g =M
By By

M = Ixx
g@ 9g¢

M = I
8g 2By ¥y

M =M
gz’gz

Note that Mj’i = Mi’j and that Mi’j = 0 1if not listed.

Summations extend over all masses.

Where there is no summation, the mass or inertia is that associated
with the particular degree of freedom.
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TABLE 4

INERTTA FORCES
2 2 .
FIl = E '{[Iyy -1 M - Ly)]é485
—[Iyz + M LyLz]glg4 - ZMQZ[Lxg4 + LygS]
. . . _ +T - . s
+2Mgl[Lygy + Lng] [IXX Izz Iyy]g5g¢

+ _ . .
[Iyy+lzz Ixx]g48e}

o
[}

. Z“{ - ey + 28] + By Lhg * 2@21}

2 2. .. .
L, Z { [1,,-1,, + gL 18

2 .2 . .
+[Iyz+MLyLZ](Bl-gS)—Zng[ngl + L

=
[

]
]

ygsl

+ 2Mg4[Lygy + ngz] - [Ixx+Iyy—Izz]g1ge
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TABLE 4 (CONT'D.)

INERTIA FORCES

VML',I& + 9251 - & ra+25.11
b tb4lb3 by.J {75 I-D2 beI
[ yy- xx]g4g5 [Ixx+Izz-Iyy]gSg¢
+ [I. +1 15, &

vy zZ X%~ ©478

L - - - . - -2 12
M {- 81 (84428 ] + &5 [g*26,1-L [g) + &)

s cx ams . rs s .2 L2
M8, 08,428 1 - &, [£,+28] - L, tg] + &,

+ gS[Lxél.t + Lzél]}

[I "Iyy]glgs - [I

zz +Iyy-Izz]glge

XX

+[Ixx+Izz_Iyy]gSg¢

(1 18,8, + [ +1

xx_Izz - Izz]glgq)

7y
-[I_+I -1 1.8
vy Tzz TxACLZY

i , . e . 2, 2
M {gl‘[g3 + Zgy] ~ By (&,+ ngI-Lz{g4 + g ]

+g, L g + LYQSE}
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TABLE 5

GENERALIZED FORCES FROM TIRE FORCES

GF, = - (L-R)F +L F

£, y £, t,
GF. =T

£, £,

\

GF =TF

ty t,
GF. =-1L F. + (L - R)F

£, t, y £,
GF, =1L, F -L F

5 X z
GF = F

t6 tz
GF. =- (L -RF, +4& F_*

t t t

¥ 4 x y
GF, =F,

y Y

Note: Since the axles have only ¢ and y degrees of freedom, GFt ,

X
GF. , GF, , and GF_ are not required.
t t t
¢ ] Z
* For a tracked vehicle with no axle comnecting the two tires, the
Ft contribution must be discarded; hence, GFt = Ex Ft for a
X X y

tracked wvehicle.
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TABLE 6

.GENERALIZED FORCES FROM AERODYNAMIC LOADS

[Pl
o]
]

[-LF + 1L Fa ]
1 all 7 X y

[
]
It
=

ag x x'a,
GF_ = Z F,
8  all %z
GF = E -2 F  + 2 F ]
aw shelter X X vy
GF_ = z: F_
ay shelter v
GF_ = Z [-2,F, +LF 1]
a¢ shelter vy ya,
GF, = Z F
z shelter z

Note: Aerodynamic loads do not act on the racks, which are presumed to
be inside the shelter, Aerodynamic loads on the tires are allowed only
in the x direction, and the axles do not have an x degree of freedom,
Hence, generalized forces from the aerodynamic loads exist only for the
overall wehicle degrees of freedom and the shelter degrees of freedom.
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E3m (8. ]
8y 2,1
) GFg L = - Mg | 82’2. (43)
Yy
GF B
2,3
! gz, <)

For overall vehicle degrees of freedom, summation over all masses is
required. For individual masses, of course, only the relevant mass is
used. No generalized forces due to gravity exist for the rotational
degrees of freedom since the centers of gravity are used as references.

The inertia forces, F_, are generalized forces and need no further
definition. The resulting equations of motion are

T N I T I e

The right-hand side of Eq. 44 contains no second derivatives; hence,
knowing displacements and velocities, the right-hand side may be eval-
uated. Multiplying the right-hand side by the inverse of the generalized
mass matrix then gives the generalized accelerations. Note that the
generalized mass matrix is constant, and may thus be inverted once and
for all. Having the generalized accelerations, the generalized displace-
ments and velocities a short time later may be estimated. The process
then 1s repeated, advancing time until the desired time period has been
covered. Estimation of displacements and velocities is accomplished
using fifth-order open Adams integration.
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SECTION 5
COMPUTER PROGRAM

5.1 General Description

A computer program has been prepared based upon the formulations
in the previous sections. This program (TRUCK, version 2.0) is written
in standard ANSI FORTRAN and consists of 43 user-supplied routines
and approximately 4400 card images. This section describes the
organization of the code (subsection 5.2), the operation of the code
(5.3), program input (5.4), program output (5.5), and presents an
example problem in subsection 5.6. In addition, Appendix A presents
a macro cross-reference list of all program variables and Appendix B
a complete source listing of the code.

As an intreduction to the inner workings of the code, the majbr
program steps are outlined below In sequential order:

1) Input data are read. The input is described in detail in
division 5.4.

2) The vehicle center of gravity position is ecalculated and the
reference point is shifted to the center of gravity.

3) The X matrix, which transforms generalized coordinate displace-
ments into spring elongations, is formed.

4) The vehicle is trimmed; that is, the generalized coordinate
displacements which place the vehicle in equilibrium under the

action of gravity, tire forces, and spring forces are determined. -
Because the spring and tire forces are non-linear, a trial and

error procedure must be used. Basically, each generalized coordinate
is perturbed very slightly, and the resulting changes in generalized
accelerations are found. This gives approximate local derivatives
which can be extrapolated to find an estimated equilibrium state.

The process is repeated until acceptable convergence is obtained.

If guy wires are present on the shelter, a preliminary trimming
takes place, in which the shelter and racks are trimmed with the guy
wire loads at the specified values. This trim takes place with the
truck body assumed to be horizontal. This pretrim allows the guy
wire force-deflection curves to be biased so that the subsequent
overall trim can take place with the guy wires treated as ordinary
springs. The overall trim will change the guy wire loads due to
the fact that the truck body will not, in general, end up horizontal.
The change will be slight, however.

5) The generalized mass matrix is calculated and inverted.

6) The main response loop begins. Within this loop, the
following steps take place,
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a)
b)
c)
d)

e)

£)

g)

h)

i)

3

k)

1)

The Euler angles are calculated,

The B transformation matrix is determined.

The earth-fixed axis position of the wvehicle is found.
The springs are checked to see if any of them have
bottomed out. If they have, rebound calculations

are made to determine the new generalized velocities,
and the numerical integration is restarted.
Generalized gravitational forces are calculated.
Generalized spring and damper forces are determined.
Generalized tire forces are calculated. This calculation
requires determining the state of the tire - off the
ground, sliding, or not sliding.

The generalized aerodynamic forces are determined.

The inertia forces are claculated.

The above generalized forces are accumulated and

the result multiplied by the inverse of the mass

matrix to yield the generalized accelerationms.

Integration takes place to estimate the generalized
displacements and velocities one time step forward.

The cycle is repeated until the time reaches the stop
time specified in the input.

7) Upon completion of the time-history response, a determination

is made whether the vehicle has overturned. If the user has selected
the iterative option, the program then automatically adjusts the peak
incident overpressure and reruns the response (Step 6) until the
threshold of overturning is determined to within approximately 2%

on overpressure,

8) At this point the process is repeated (Steps 6 and 7) for other
blast orientations and yields, if requested, in order to generate
vulnerability envelopes or other response runs.

9) A different vehicle can be analyzed, beginning with Step 1.
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5.2 Description of Routines, Common Blocks, and Dimensioned Variables

Table 7 lists all the routines and common blocks which make up
the TRUCK code and gives the length of each commen. An "X" indicates
that a particular common belongs in a particular routine. The names
of variables within common blocks are the same throughout the program.

Program flow diagrams of the major routines are presented in
Figures 9 through 13. These figures indicate in more detaill the
program steps outlined in division 5.1,

Tables 8, 9, and 10 are intended to provide all the information
necessary to increase or decrease dimensions within the program.
Table 8 lists in both parametric and numeric forms the current maximum
dimensions. These dimensions should also be consulted when forming
input (division 5.4) to be sure the data is within the limits of
the program.

If either larger or smaller dimensions are desired, Table 9 lists
program changes required by specific changes in dimensions. Table 10
then lists all the dimensioned variables which might need to be changed.
These variables are all located in common. Variables whose dimensions
need not be changed are not listed.

5.3 Program Operation

The TRUCK program was written in ANSI standard FORTRAN IV and
developed on a (CDC) 6600 computer under the SCOPE 3,.4.4 operating
system. The code should be easily adaptable to any modern, large
scientific computer. Double precision is required for systems utilizing
a relatively short word length.

Blank common is utilized in order to minimize the core required to
- load and execute. Using compile option "OPT=1" (a medium optimization
level) the code requires 29 seconds to compile and 131,000 octal cells
of memory to load and execute,

Computation times will wvary considerably, depending on the wvehicle,
the complexity of the model, and the number of orientations considered.
The example problem described in subsection 5.6 required 220 cp seconds
for 2540 integration steps (primary At = 0.5 msec).

Input and ocutput are equated with logical files TAPES and TAPE6,

respectively. TAPE8 is reserved for graphics, although the code does
not include any graphics at this time.
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TABLE 7
TRUCK ROUTINES AND COMMON BLOCKS

COMMON

BLANK
{LAMB)
ADAM
BLAST

BOTM

CINTL
DATAIK
DELTAS
D IMENS
EULC
EXTDIM
FSPDIM
INTFLG
ITER
JFTRIM
LOAD
MASS
MATDIM
MAXMIN
MOV ING

CALC
CcG
CRECK

LENGTH
OF
COMMON

4400
807
28
400

318
3

1

2
1404
100
4

]
200
200
1
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1
5488
2500
00
1711
19
75

]

B
e
B
L
<
b
L3
ne
EL
B
ve
£
e
+1

ES e

Ed B Bl B
£

b e B
]

| pe
E

]

Ed B

REBOUN

RELAX

RFORCE

SETA

SFORCE

B
£

SOLVE

SUMARY

SUMTAR

EEd

T1RES

TRIM

B B B b
=
B
ES
>
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PRELOD
SPRING
TIREC

TIRSAV
TRMD IM
WEIGHT

RLP

OPTION

4

2850
50

14

41
324

1305

»
tad
EL]
ELl
L]

prt om0t [

e

Ll Ead

EES -]

o [

£

Eal Eal E
S
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(o)
v

I

JOB = 0 ]

[ NjOB

= NJOB + 1

le

1«

\ READ 11% DD ]

7Y

YES
SToP

NO

GEOM
AERO (0)
TRIM

\____ READ IN KDAM, KBLAST ]

| SUMTAB(D)

]

% READ IN BLAST DATA ]

NOR = O

NORMAX = NO. OF OQRIENTATIONS

NOR = NOR +

NTRIAL = 0

SUMTAB

I C

NTRTAL

= NTRIAL +1

YES

BETAIZ
EXTRNL
AERO (1}
MOTION
SUMARY

PITER
AERO (1)

SUMTAB(2)

KOK

YES

PRINT

FINAL
SUMMARY

(1)

=0

FIGURE 9. PROGRAM TRUCK FLOW DIAGRAM
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(:; RETURN

(e )

KAERO

SET GENERALIZED
AERODYNAMIC
FORCES = 0

TIME >
YES ~POSITIVE PHASE
DURATION

ATMOS

HYTRUK (3)

COMPUTE o

DRAGL

) 4

HYTRUK (2)

|  prrL |

b

SETA

ENGULF

!

X

(: RETURN

)

SUM UP GENERALIZED
AERODYNAMIC FORCES
FOR ALL GRID AREAS

FIGURE 10.

(: RETURN ?)

FLOW DIAGRAM FOR SUBROUTINE AERO
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FSPRNG

Con D

GRAV

YES
MDOF > 6

NO

SFORCE

TIRES

NO

AERO(2)

FORCEI

No KSHELT

]
o

YES

NO

—»<__KRACKS

1l
(]

YES

YES

SUM UP GENERALIZED
FORCES FOR
GRAVITY, SPRINGS,
TIRES

RETURN

RFORCE

SUM ALL EXTERNAL
GENERALIZED FORCES

(: RETURN :)

FIGURE 11. FLOW DIAGRAM FOR SUBROUTINE EXTRNL
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<
<1ﬁi:§'> 2 MASSM

» ADAM5 MATXIN

EULER
BETALJ
ORIGIN

YES

BOTTOM

NO

EXTRNL 1
MULT
MAXT

TIME FOR
PRINTOUT

TIME TO

INCREASE DELTIM = DELTX

4

ENDTIM

YES
(:- RETURN :)

FIGURE 12. FLOW DIAGRAM FOR SUBROUTINE MOTION
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CnD

YES

NO

PRETRM

BETAIJ [

EXTRNL
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NO TRIM

COMPLETED

SAVE RESULTS

(; RETURN -j)

FIGURE 13. FLOW DIAGRAM FOR SUBROUTINE TRIM
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TABLE 8

MAXIMUM DIMENSIONS IN TRUCK

Maximum
Description of Variable Variable Dimension
Number of Shelter Springs per Side KSHELT No L;mit*
Number of Guy Wires per Side KWIRES by
Number of Racks per Side KRACKS 3,
Number of Axles KAXLES 6,
Number of Bogie Springs per Side KBOG 2,
Number of Tires per Axle per Side NTIRES 3 %
Number of Springs per Axle per Side NASPR No Limit,
Number of Springs per Rack per Side NRSPR No Limit
Total Entries in all Force-Velocity
Tahles per Side MDIMDP 600
Total Entries in all Force-Displacement
Tables per Side MAXSPR 600
Number of Aerodynamic Boxes NBOX 4
Number of Aerodynamic Grid Areas per Surface
per Box NPS 16
Number of Distinct Orientations per Job JHMAX 8
Number of Distinct Weapon Yields per Job KMAX 6,
Total Number of Springs MSPRNG 100,
Total Number of Masses MASSES 10,
Total Number of Degrees of Freedom MDOF 50
*Special Constraints:
MSPRNG = 2 [(1-KRIGID) (KSHELT+KWIRES+KBOG)
+KBOG + ) NRSPR + > naseR]
KRACKS KAXLES
0, KSHELT=0
MASSES = 1 + KRACKS <+ KAXLES - KRIGID +

MDOF = 6 — 5 KRIGID + 2 KAXLES + 12 KRACKS +

1, KSHELT>0

A e o

0, KSHELT=0

~

4, KSHELT>0
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PROGRAM CHANGES NECESSITATED BY DIMENSION CHANGES

TABLE 9

When Changing the

Dimension Corresponding to:

Also Change the Fixed-Point Number
in the Indicated Statement

Subroutine Location*
MSPRNG BLOCK DATA
MAXSPR BLOCK DATA
MDIMDP BLOCK DATA
MDOF BLOCK DATA
MASSES BLOCK DATA
KRACKS BLOCK DATA 4
JMAX SUMTAB 50+3
KMAX SUMTARB 50_1
JMAX or RKMAX SUMTAB. 50_20
MDOF MATXIN 10_4
MDOF RELAX 50

*
The location code is interpreted as follows:

+n

S refers to the n

th

line after statement number 8S.
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TABLE 10

LIST OF DIMENSIONED VARIABLES

VARIABLE (DIMENSION) COMMON BLOCK ASSIGNMENT
QR (2*MDOF) ADAM
QRD (6,2*MDOF) ADAM
QRP (2*MDOF) ADAM
EXPAN (MSPRNG) BOTM
NBOTTOM (MSPRNG) BOTM
SBOTM (MSPRNG) " BomM
VEL (MSPRNG) BOTM
FAERO (MDOF ) CALC
FORCE (MDOF) CALC
GENACC (MDOF) CALC
cENDIS (moF %?) CALC
GENVEL (mor ‘%)) CALC
XBARCM (3, MASSES+KRACKS) CALC
CGMASS (MASSES+KRACKS) DATAIN
CGPOS (3, MASSES+KRACKS) DATAIN
DAMPF (MDIMDP) DATAIN
DAMPV (MDIMDP) DATAIN
ISDAMP (MSPRNG/2) DATAIN
NPDAMP (MSPRNG/Z) DATAIN
XI1 (MASSES+KRACKS) DATAIN
XI2 (MASSES+KRACKS) DATAIN
XI3 (MASSES+KRACKS) DATAIN
DISP (MSPRNG) DELTAS
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TABLE 10 (CONT'D)

LIST OF DIMENSIONED VARIABLES

VARIABLE (DIMENSION)

FGRAV (MDOF)

FI (MDOF)

FIIRES (MDOF)

SPRNG (MDOF)

FORC (MSPRNG)

V (MEPRNG)

GENDIX (MDOF)

XLAMEA (MSPRNG, MDOF-6)
JFIR (NPS, 6, NBOX)

KTS (NBOX)

NPS (6, NBOX)

S (NPS, 6, NBOX)

SI1

(NPS, NBOX)

SI2 (NPS, NBOX)

SI3 (NPS, 6, NBOX)

S14 (NPS, NBOX)

SJ1 (NPS, NBOX)

SJ2 (NPS, NBOX)

SJ3 (NPS, 6, NBOX)

8J4 (wes, NBOX)

TD (NPS, 6, NBOX)

65

COMMON BLOCK ASSIGNMENT

EXTDIM

EXTDIM

EXTDIM

EXTDIM

FSPDIM

FSPDIM

ITER

BLANK COMMON

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD

LOAD



TABLE 10 (CONT'D)

LIST OF DIMENSIONED VARIABLES

VARIABLE (DIMENSION) COMMON BLOCK ASSIGNMENT
XBOX (NPS, 6, NBOX) LOAD
YBOX (NPS, 6, NBOX) LOAD
ZBOX (NPS, 6, NBOX) LOAD
oass @moF &, wor ™ MASS
KOL (MDOF) MATDIM
ROW (MDOF) MATDIM
AMAX (MDOF) MAXMIN
AMIN (MDOF) MAXMIN
ANGLE (JMAX) MAXMIN
CIP (JMAX, KMAX) MAXMIN
CIQ (JMAX, KMAX) MAXMIN
CPSIG (JMAX, KMAX) MAXMIN
CPS0 (JMAX, KMAX) MAXMIN
CRKM (JMAX, KMAX) MAXMIN
DMAX (MDOF) MAXMIN
DMIN (MDOF) MAXMIN
IFL (JMAX, KMAX) MAXMIN
SMAX (MSPRNG) MAXMIN
SMIN (MSPRNG) MAXMIN
TAMAX (MDOF) MAXMIN
TAMIN (MDOF) MAXMIN
TDMAX (MDOF) MAXMIN
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TABLE 10 (CONT'D)

LIST OF DIMENSIONED VARIABLES

VARIABLE (DIMENSION) COMMON BLOCK ASSIGNMENT
TDMIN (MDOF) MAXMIN
TSMAX (MSPRNG) MAXMIN
TSMIN (MSPRNG) MAXMIN
TVMAX (MDOF) ' MAXMIN
TVMIN (MDOF) MAXMIN ;
VMAX (MDOF) MAXMIN
VMIN (MDOF) MAXMIN
YIELD (KMAX) - MAXMIN
KAXLB (KBOG) OPTION
NASPR (KAXLES) OPTION
NRSPR (KRACKS) OPTION
XBOGIE (KBOG) : OPTION
PRELOD (KWIRES) | PRELOD
DELX (MDOF) RLP

IP (MDOF) RLP
PRES (MDOF) o | RLP
PX (MDOF) RLP
RRES dmor*) _ RLP
SIGY. (MDOF) . RLP
XRES (MDOF, MDOF) RLP
XX1 (MDOF) RLP
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TABLE 10 (CONCL'D)

LIST OF DIMENSTONED VARTABLES

VARIABLE (DIMENSION)

FOFX (MAXSPR)

JCURVE (MSPRNG/2 + 2)

NPPC (MSPRNG/2 + 2)

X (MAXSPR)

NTIRES (KAXLES)

TLX (NTIRES, KAXLES)

TLY (KAXLES)

TLZ (KAXLES)

DELTNX(3, 2, NTIRES*KAXLES)
DELTN1 (3, 2, NTIRES*KAXLES)
DITNX (2, NTIRES*KAXLES)
DTTN1 (2, NTIRES*KAXLES)
SLID (2, NTIRES*KAXLES)

R (moF ()

WGTS (MASSES+KRACKS)

Special Constraints:

COMMON BLOCK ASSIGNMENT

SPRING

SPRING

SPRING

SPRING

TIREC

TIREC

TIREC

TIREC

TIREC

TIREC

TIREC

TIREC

TIREC

TRMDIM

WEIGHT

(1) Dimension must be MDOF or 6, whichever is greater.

(2) Dimension must be MDOF or 8, whichever is greater.

(3) Dimension must be MDOF or 12, whichever is greater.
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5.4 Input Data

This section is intended to provide the user with the necessary
instructions to generate card input for the TRUCK code. Tables 11 and
12 contain the basic input instructions, while the following discussion
contains general remarks and amplification of some of the specific
instructions.

The input data are specified in groups, where each group begins on
a separate card. More than one card may be required for a group,
however. The variable type and format corresponding to each data group
are given in Table 12 and are always in fields of 12, except for Group
1. For convenience, floating point numbers can be left justified in the
field as long as the exponent is right justified. Also, zero values can
be replaced by a blank field. Columns 73 through 80 are not used for
data and can be used for card identification or other purposes.

All input parameters, where appropriate, should be compared with
the maximum dimensions provided for in the program, as delineated in
Table 8. This is important since the program does not check all input
for violatioms.

In general terms, the input consists of defining: 1) the mechan-
ical model of the wehicle, 2) the aerodynamic model, and 3) the blast
characteristics. The axis system used to define both the vehicle and
aerodynamic models is shown in Figure 1. The origin to be used for data
input is arbitrary except that the x = 0 plane defines the vehicle plane
of symmetry. The units to be used are as follows:

Mass in lb—seczlin
Length in inches (unless otherwise stated)
Time in seconds

The restriction to the above set of units results from the fact that the
blast characteristics routines provide pressure in 1lbs/in”. DNote that
the acceleration due to gravity in Group 23 of Table 12 must be specified
as 386.0 in order to be consistent with the above units.

Group 1 of the data represents a free field run identifier which
might contain vehicle identification, the date, etc. It 1s not used
within the program, unless it begins with "END". The "END" represents a
flag which terminates the run; otherwise multiple runs can be stacked
cne behind the other.

Group 2 dictates whether the vehicle has conventional tires
(I0PT=0) or is a tracked vehicle such as a tank (IQPT=1)}.

The basic components of the vehicle system are indicated in Group
3. Table 11 should be consulted to make sure a consistent set of data
is selected.
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TABLE 11

ACCEPTARLE INPUT PARAMETERS FOR
MAJOR PROGRAM OPTIONS

INPUT OPTION A OPTION B
PARAMETER RIGID BODY - THREE MINIMUM OF 10 DEGREES
DEGREES OF FREEDOM FEREEDOM
KRIGID 1 ' 0
KAXLES 1 2,3,4,5,6
KSHELT 0 0,1,2,....
KWIRES 0 G 1f KSHELT=0;
0,1,2,3,4
otherwise
KBOG 0 0, 1, 2
KRACKS 0 0,1, 2, 3
KTS (N) 1 1, 2
(all W)
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GROUYP FORMAT
1 4042
2 I12
3 6I12
4 6112
5 6112
6 6112

TABLE 12

INPUT DATA

INPUT DATA

Run identification, up to 80 characters:

Vehicle type: IOPT
0, Wheeled Vehicle
1, Tracked Vehicle

Configuration data:
KSHELT, KWIRES, KRACKS, KAXLES, KBOG,

KRIGID
KSHELT

KWIRES
KRACKS

KAXLES
KBOG

KRIGID

Number of
NTIRES

Number of
axle, not

NASPR (1), I=1, KAXLES (0 if KRIGID=1)

tires on left end of each axle:

Number of springs (not
including guy wires)
attaching left side of
shelter to left side of
truck (0 if shelter is
rigidly attached to truck or
no shelter at all).

Number of guy wires on left
side of shelter (0 if KSHELT
= 90).

Number of racks in left side
of shelter (0 if racks are

rigidly attached to shelter).

Number of axles on truck.
Number of bogie springs on
left side of truck.

Rigid body flag: 0 gives
ordinary run; 1 gives three

IDD

degrees of freedom run - roll,
sideslip and heave. See Table

11.

(I), I=1, KAXLES

springs on left side of each
including bogie springs:

Number of springs on each rack in left

gide of shelter: ‘
NRSPR(I), I=1, KRACKS (Omit Group 6
KRACKS = 0)
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GROUP

7

10

11

12

FORMAT

4F12.1

Fl12.1

3F12.1

6F12.1

2F12.1

6F12.1

TABLE 12 (CONT'D)

INPUT DATA

INPUT DATA

Masses and their locations. Each card con-
tains the mass value and the x, vy, and z
coordinates of its center of gravity. One
card for each mass. Order of masses is:
Vehicle body
Axles (front to rear, include in wvehicle
body mass if KRIGID=1)
Shelter (included in vehicle body mass
if shelter rigidly attached)
Racks in left side of shelter (all
racks included in vehicle body
mass if racks rigidly attached).
The number of cards will be (1+KAXLES+
KRACKS) if KSHELT=0, and (24+KAXLES+KRACKS)
if KSHELT>0. If KRIGID=1, there is only
one card.

o)
e

Product of i mass 1, T Other
ducts o e d

y%e bhe zero.

aw)

—

Mass moments of inertia, I __, I , .
xx* Tyy zz

The number of cards is the same as in
group 7.

Attachment points for axle springs. Each

card will contain the %, y, 2z coordinates

of the point on the vehicle body to which

the spring is attached and the x, y, =z

cocrdinates of the point on the axle to

which the spring is attached. One card

for each left-side axle spring. The
KAXLES

number of cards will be Z NASPR(I).

I=1
(omit Group 10 if KRIGID=1)
y and z - coordinates of one axle.

X - coordinates for wheels on axle described
in Group 11, ordered from inside-out.

(Repeat Groups 11 and 12 for each axle)
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TABLE 12 (CONT'D)

INPUT DATA

GROUP FORMAT INPUT DATA

13 I12,F12.1 Attachment points for bogie springs. One
card for each left-side bogie spring. Each
card will contain the number of the forward
axle of the pair comprising the bogie and
the x coordinate of the bogie spring.

(The bogie spring is assumed to act parallel
to the y axis and the bogie is assumed to
be symmetrical.) (Omit Group 13 if KBOG=0)

14 6F12.1 Attachment points for shelter springs. One
card for each left-side shelter spring.
Each card will contian the x, y, 2z coor-
dinates of the point on the vehicle body to
which the spring is attached and the x, y,
z coordinates of the point on the shelter
to which the spring is attached. (Omit
Group 14 if KSHELT=0).

15 6F12.1 Attachment points for guy wires. One card
for each left-side guy wire. Each card
will contain the x, y, z coordinates of the
point on the vehicle body to which the guy
wire is attached and the X, vy, z coordinates
of the point on the shelter to which the
guy wire is attached. (Omit Group 15 if
KWIRES=0) .

16 6F12.1 Attachment points for rack springs. Each

card will contain the x, y, 2z coordinates
of the point on the left rack to which the
spring is attached and the x, y, z coordinates
of the point on the shelter to which the
spring is attached. One card for each
left-side rack spring. The number of

KRACKS
cards will be 3,  NRSPR(I).

I=1

(Omit Group 16 if KRACKS=0).

17 6F12.1 Preloads in guy wires, one number for each
left-side guy wire. (Omit Group 17 if
KWIRES=0).
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TABLE 12 (CONT'D)

INPUT DATA

GROUP FORMAT INPUT DATA

18 I12,(6F12.1) Non~-linear damping force-velocity curves.

One curve for each left-side spring.
Order of the springs is:

Axle springs on left side

Bogie springs on left side

Shelter springs on left side

Guy wires on left side

Rack springs on left side
The number of curves will be

KAXLES KRACKS
). NASPR(I)+KBOG+KSHELT+KWIRES+ ), NRSPR(I)
=1 =1

(If KRIGID=1, there will be no curves, so
this group will be omitted). Each curve
will be described by several points on the
curve. The points must proceed from the
compression stroke (negative velocity,
positive force) to the rebound stroke

(?nr_"ff'i\re \rn'lnr\'irv, nocative 'Fr'w'r-n)' Tha

e n ey LR R LN L AT pa R &t S Ariv

extreme compression and rebound velocities
must be large enough to include any veloc-
ities which may be encountered during the
response calculations. For each curve,

the first card will contain the number of
points that will be specified for the curve.
Subsequent cards will contain velocity~force
pairs, each pair defining a point. There
will be three pairs per card. The program
dimensions permit the number of curves to

be MSPRNG/2-KBOG. The total number of points
defining the curves can be no greater than
MDIMDP (see Table 8).

19 2F12.1 Tire damping coefficients. Forces per unit
velocity in the radial and tangential
directions. Both coefficients should be
input as positive numbers.

20 I112,(6F12.1) Non-linear spring force-displacement curves.
One curve for each left-side spring. The
order and number are as described in Group
18. Each curve will be described by several
points on the curve. The points must pro-
ceed from compression (negative displace-
ment, positive force) to tension (positive
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GROUP

21

22

23

24

FORMAT

I12,(6F12.1)

112,(6F12.1)

3riz.1

3F12.1

TABLE 12 (CONT'D)

INPUT DATA

INPUT DATA

displacement, negative force). The extreme
compression and tension displacements are
interpreted as defining bottoming of the
spring. For each curve, the first card
will contain the number of points that will
be specified on the curve. Subsequent cards
will contain displacement-force pairs, each
pair defining a point. There will be three
pairs per card. The total number of points
defining the curves, including groups 21
and 22, can be no greater than MAXSPR

{(see Table 8).

Tire non-linear force-normal displacement
data. Specified in same manmner as Group

20 data, except that positive displacements
will, of course, give zero force and bottom—-
ing out is not included. Hence, first data
point should be a large enough (negative)
displacement to include any displacement
which may be encountered during the response
calculations and last point specified should
be 0.0, 0.0.

Tire non-linear fo;ce—téngential displacement
data. Specified in same manner as Group 20
data, except that only magnitudes are needed
and there is no bottoming out. Hence, first
data point specified should be 0.0, 0.0, and
last data point should be a large enough
displacement to include any displacement
which may be encountered during the response
calculations. All displacements and forces
should be positive.

Tire radius, coefficient of sliding friction
between tire and ground, and acceleration
due to gravity.

Ground slope data. Ground slopes in regions
1 and 2, in radians, positive if height
increases as one moves in the positive x
direction; and the x coordinate at which
the slope changes (see Flgure 2).
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GROUP

25

26

27

28

29

30

3l

FORMAT

2F12.1

112

112

4112

112

4F12.1

4F12.1

TABLE 12 (CONT'D)

INPUT DATA

INPUT DATA

Response time at which run ends and primary
integration time step.

Number of primary time steps between print outs.

Number of rectangular boxes used in aerodynamic
model - includes both truck and shelter boxes,
NBOX.

Code designating type of each box: KTS(N), N=1, NBOX
1 - Box (shelter or otherwise) rigidly
attached to truck
2 - Box represents shelter and is not rigidly
attached to truck.

Number of aerodynamic load points on surface,
NPS(I,N), where I refers to the surface code
(see Figure 14). 1f no load is applied set

NPS = 0. (Note: If NPS (I,N)=0, skip groups 30
and 31.)

Loading information:

XB(K,I,N} = x-position of load point.

YB(X,I,N) = y-position of load point.

ZB(K,I,N) = z-position of load point.

S(K,I,N) = Area associated with load peoint.
Loading information:

SIL(K,I,N) = s,

SI2(K,I,N) = s;

SI3(K,I,N) = sj

SI4(K,I,N) = s

(See Figures 4 ané 8 for definition of s.
Data for T = 5 and 6 are not required bhecause
diffraction loading is not used on the top
and bottom surfaces. Therefore, blank cards
should be used.)

Repeat groups 30 and 31 for K=1, NPS(I,N)

Repeat groups 29, 30, and 31 for I=1, 3,
4, 5, and 6.%

Repeat groups 29, 30, and 31 for N=1, NBOX
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TABLE 12 (CONT'D)

INPUT DATA
GROUP FORMAT INFUT DATA
*Data for I=2 is omitted because of symmetry
with I=1.
32 2112 Code for controlling iteration: KDAM.

0, No iteration .
1, Iterate on overpressure to determine
overturning condition.

Blast model code: KBLAST.
1, 1 KT sea level model

2, 60 Wl/3 meters helght of burst model

33 6F12.1 Blast data: PS50, AD1, AD2, DELTA, W, ALT.
PS0 ~ Estimate of incident shock
overpressure, psi

ADl - Azimuthal angle 1, degrees
(-90<AD1<90)

AD2 - Azimuthal angle 2, degrees
(~90<AD2<90)

DELTA - Increment in angle, degrees
W - Nuclear weapon yield, KT

ALT - Altitude of vehicle above
sea level, ft.

ROTE - Program will compute all cases from ADl to AD2 every DELTA
degrees, then look for another set of data under group 33
(see Figure 3). A value of PSO = 0.0 (or a blank card) will
terminate group 33. Additional jobs can be processed by
returning to GROUP 1. The entire run terminates with an ''END",
beginning in column 1 of GROUP 1.
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If a bogie configuration is used, stops on the bogie pitch motion
must be specified. Otherwise, if the wheels are off the ground, the
bogie pitch motion will be unlimited since the bogie is completely free
to pitch. Stops are provided by placing a spring on each bogie axle.
The spring can supply zero force, but the last deflection specified will
act as a stop (see .Group 20).

The data regulating the numerical integration are contained in
Groups 25 and 26. Early in the response the program uses a relatively
small time interval of 0.l5 msec between steps to capture the rapidly
changing diffraction phase of the blast loading. At 30 msec, however,
the program switches to the primary At, as read in, for the remainder of
the response.

Several different At's may have to be tried in order to determine
the largest At which still permits an accurate soclution. The total
computational time is nearly proportional to the At selected, so it is
important to optimize the selection. The ‘At should be halved or doubled,
as the case may be, to determine at what point the solution becomes
significantly affected by the choice of time interval. Once a At has
been selected for a vehicle, it should remain valid for other blast
levels and orientations.

The printout frequency pertains to the primary time interval; if
zero, all time history output is suppressed. The stop time for the
response should be large enough to capture peak response. For an
iteration run (Group 32), the response will automatically terminate when
the vehicle reaches a point of "no return" as far as overturning is
councerned.

The input data for the aerodynamic model begins with Group 27. The
vehicle is broken down into an assemblage of rectangular boxes. Each box
has, of course, six surfaces as shown in Figure 14. As an example, a
truck carrying a shelter might be described using three boxes, one for
the shelter, one for the truck cab, and one for the remainder of the
truck body. A number of aerodynamic load points may be defined on each
surface of each box. A load point is defined by its location, its area,
and the appropriate values of s as defined by Figures 4 and 8.

In Group 32 the user selects whether the run is to iterate on
overpressure until the point at which the vehicle barely overturns is
reached. Typically the program will require 3 or 4 iterations to
determine the c¢ritical overpressure.

The blast wave characteristics are also selected in Group 32 by
either specifying a waveform corresponding to a free-air, sea level

burst, or a 60 W1/3meters height of burst model. The characteristics of
each are contained within the program.
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In Group 33 key blast data are specified. An azimuthal angle of O
degrees corresponds to a (left) side-on exposure; + 90 a head-on
exposure. A series of angles can be easily specified by making use of
the automatic increment (DELTA). In this case a new estimated over-
pressure is calculated based on the results of the previous angle.
Additionally, the program processes new blast data on subsequent cards
for Group 33 until a blank card is reached.

At this point the program prints out a vulnerability summary (for
an iteration run) and then returns to Group 1, ready to process another
data deck.

5.5 Qutput

The normal program output consists of three parts; preliminary
information, time-history output, and summary information. The pre-
liminary information consists of printing out the input data and certain
center of gravity calculations.

The time history output occurs at intervals defined by the analyst
in Group 26 of Table 12. The output consists of the time, the gener-
alized coordinate displacements, veloccities, and accelerations, the
Fuler angles, and the center of gravity displacements in the earth-fixed
axis system. The order for the generalized coordinates is as defined
in Table 1. Also printed is the "CG DISTANCE." This parameter has to
do with the vehicle overturning. The program calculates a footprint
defined by the projections onto a horizontal plane of the front and rear
tire positions. The minimum distance of the vehicle center of gravity
from the edge of this footprint is printed out. If the center of gravity
moves outside the footprint, the vehicle is overturning.

The summary information includes the maximum and minimum generalized
coordinate displacements, velocdities, and accelerations and the corres-
ponding times. Maximum and minimum spring deflections and the corres-
ponding times are also printed out. In interpreting these data, it
must be noted that the spring numbers do not correspond to the spring
number in the input. There are two reasons why these do not correspond.
First, only left-side springs are input, so two springs exist for
each spring in the input. Thus, in the summary output, odd-numbered
springs are left-side springs, even-numbered springs are right-side
springs. Secondly, each bogie spring ends up as four springs, one
on each side of each axle involved. The actual spring displacement
is really the average of the two displacements on the same side. The
"spring displacements" for bogey springs should thus be recognized
as really being the axle displacements at the bogey spring attachment
points.
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In addition to the above information, the program also indicates
whether the vehicle has overturned, and the time at which it either
passed the point of no return, or at which the minimum value of "CG
Distance" was recorded for a stable response. For an unstable response
the velocity with which the center of gravity crossed the footprint
boundary 1s also printed.

For iteration runs there is one additional summary printed after
all orientations and yields have been completed for a particular vehicle.
In tabular format the blast parameters corresponding to critical response
are collected for each case. It should be noted that when iterating on
overpressure the program always makes a final estimate of overpressure
after the last response run, so that the final result may actually
represent a stable or an unstable response. The important thing is that
the estimate is considered close enough to the actual critical overpressure
level for all practical applications.

If an error of any kind is detected during a run the program will
print out an appropriate message and indicate the subroutine producing
the message. If possible the program will either continue with the
response dr cycle back for the next orientation or yield, or another
data deck. An input error will force termipation of the run.

5.6 Example Problem

The a=xample problem deals with an M35A2 truck carrying a retro-
fitted 5280 shelter. This configuration was tested in Operation Dice
Throw. The truck is shown in Figure 15. The two rear axles are connected
in a bogie arrangement. The shelter is assumed to be rigidly connected
to the truck bed and there are two racks in each side of the shelter.

The origin for the input data is the center of the front axle. Physical
data on the truck are contained in Reference 9. The aerodynamic model
is made up from two boxes, one representing the hood and the other the
remainder of the truck plus the shelter.

Table 13 contains a listing of the input data. It is annotated
with the Group number and other information to assist in correlating the
data with the description of the input data in Table 12.

The outputs from the example problem run are illustrated in Tables
14-16. Table 14 contains the preliminary information, Table 15 presents
excerpts from the time-history output, and Table 16 contains the summary
information. >

9Radkowski, Peter, Letter to Noel Ethridge, BRL, dated 24 June, 1976.
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TABLE 13

SAMPLE PROBLEM INPUT DATA
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Sample Data

Group
No.
M3542 wWlTH RETROFIT SHELTER RIGIDLY ATTACHED, RACKS SPRING=MUUNTED. (1)
0 (2)
0 O 2 3 1 v (3
1 2 2 (4)
2 1 1 (5)
11 11 (6)
28.14 0.0 31,69 -85,77 N
3,66 0,0 0.0 0.0
4,23 0.0 0,0 “130,0
4,24 0.0 0.0 =174,0
llao 29.01 7“.51 -120096
=19600, (8)
112400, 97400, 40900, (9)
0.0 2930, 253y,
0.0 7130, 7730,
0.0 7730, 7750,
S47,.0 b6b.6 405.0
947,0 bb.t 4059,0
15,4 10,6 0.0 15.4 5.6 G,0 (10)
15-“ -lna "'5.8“ 13-“ 11.19 '1°|7b
20,24 0, ~130, 20,24 5. ~130.
20.24 G -178, 20,24 9, =178,
0. 0, (11}
35,874 (12)
0. «130, (11)
29.25 40,75 (123
0. -178, (1)
29,25 40,75 (12}
2 20.24 (13)
29,01 41,87 -12U,73 35,0 41,87 -120.73 (16)
29.01 41.867 ~133 .19 35,0 41,87 =133,19
29.01 102.37 =121,35 35,0 102,87 =121.35
29.01 102.37 -132,57 35,0 102,37 -132.57
34,47 41,87 -120,93 34,47 35,0 ~120.93
23,599 41.87 «120.93% 23.59 35,0 =120.93
34,47 41,87 -132.99 Ju,47 35.0 -132.99
23.55 41,67 -132,99 25.95 35,0 -132.99
22.3¢2 41,87 ~126,96 €2, 32 41.87 =1204V
35,70 41.87 -126,96 35,70 41.87 ~120,V
37.51 110.87 -126,96 37,451 110,67 =120.0
29.01 41.87 -166,681 35,0 41,87 166,81
29,01 41.87 -179,27 35,0 41,87 -179,.2/
29.01 102,37 =167.43 35,0 102,37 -167.43
29,01 102,57 -178,65 35,0 10°. 31 =178.65
34,47 4] .87 -147,01 34,47 35,0 “147.,01
23,55 41.87 -147.01 235.9% 35,0 =147.01
34,47 41,87 -179,07 34,47 35,0 -179,07
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23.55
22,42
35,70
37.51

=106000,
5-0

~10000,
5,0

=100,
=100,

-10000,
5.0

~10000,
'iOOOO.
-1000¢,
~100Qv.
=10000,
=10000,
~10000,
-10000,
=10000,
=10000.
=10G00,
«10000,
=-10000,
~10000,
-10000,

~100060,

41,87
4l.u7
41.87
110.87

5540,
-B1l,

2bibo,
=325,
e
De
e
0.
5
13080,
=162,
e
101490,
4
101400,
2
30700,
2
50700,
2
76050,
2
Ted50,
e
ie05y,
e
16059,
e
101400,
2
101400,
e
101409,
2
101490,
e
101400,
e.
450700,
]
90700,
2
T6050,

=179,07
'175.04
-173.0“
-173-0{4

5.9
10000.

-5,0
10000,

100,
160.

=5.0
10000,

10000,
16000,
1u0ao,
10000,
10000,
10000,
10000,
1000G0,
jgooo,
16uv0,
1guoo,
ludgo,
10000,
10000,
1v000,

10000,

25,9% 35.0
ee, 52 41,87
35,7¢ “1.87
37.51 110,87

uy, 0.0
-18320,

175, 0.0
=13s50¢,

0.
G.

b8, 0.0
-36e000,

=101400,
-101400,
=50700,
=507v4,
=76090,
-16050,
-76050,
-160%90,
=101400,
=101400,
=101400.
101400,
-101400,
=50700,
=5070v,

~7680%0,

85

=179,07
=160.9
=160.,0
~160.0

Group

No.

(18)



-10000,
-10000.
=10000,
-10000,
-10000.

=10000,
5.0

2
e
2
e
2

2

76050,
76050,
76059,
101400,
101400,

1014900,
5.0

6200,

10000,
iGOOO.
16000,
10000,
10660,

10000,

-76050,
~T6050,
~1605¢C,
101400,
-101400,

=101400,

0. 106,

0, 100,
=51vl.
-5100.
-25%0,
=2550.
-38¢25,
=38¢2b,
-3829,
-38e4,
=5100.
=5100.,
=5100.
=510v,

‘5100.
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Group

No.

(19)

(20)
-100000,
=-115000,



Group

No.
.2 -
0,5 2550, 0,5 =-2550,
2
=0,5 2550, 0.5 2550,
2
-0.5 3625. 0.5 ) '3525.
2
=0,5 3825, 0.5 3825,
2
=0.5 3825, 0.5 -3525,
2
=0,9 3829, 0,9 -3825,
2
0,5 5100, 0,9 =5100,
2
=-0,9 5100, 0.5 «5100,
a .
=0,5 5100, 0,9 =5100.,
3 (21)
-805 6'6900. "0.125 80- 0.0 0-0
3 (22}
) G.0 0.12% 32.5 10.0 12700,
19,1 ) 386, (23)
0. 0. 1000, (24)
1.2 00,0009 " (25)
100 . (26)
Z @27
1 1 (28)
4 (29)
30'5 16.&5 8.5 . leT.S } K=1 (30)
29,9 4,75 76,5 16.25 (31)
30.5 41,25 8.5 892.5 k=2 (30)
25.5. 8.75 76.5 at.es | o1 el (31)
30.5 16425 -42,5 1657.5 b k=3 ’ (30)
16.5 48,79 25,5 16,25 (31)
30.5 41.25 -42.5 B92,5 } ke (30}
76,5 B, 79 29,% 41,29 (31)
2 (29)
-15,29 25, 34,0 1525. { k=1 (30)
15.25 25, 45,75 2s, I=3. N=1 (31)
15.29 2%, 34.0 1525, | k=2 ’ (30)
49,75 29, 15,25 259, (31)
1 I=4, N=1 (29
1 l ) 29)
o, 50, -17. 6222, -1 _ _ &)
0. 0, 0, 0. } f =5, &=1 (31)
1 (293
0, 0. “17. 6222, | k=2 I=6. N=l (30)
0. 0. u. V. ’ (31)
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Group

No.

9 (29)

44, 19,42 -103,5 1902,8 k=1 (30)
137,5 51,74 122.5 19.4 (31)
44, 58,295 -193,5 1902.8 | k=2 (30)
137.9 25.4 122.5 98.29 (31)
44, 95,08 -103,5 16804,8 } k=3 (30}
24,5 18,42 122.5 134,9 (31)
44, 19,42 =152.5 1902.8 | k=4 (30)
186,5 Bb.4 73.5 19.4 (31)
44, 56,25 -152.5 1902.8 | k=5 I=1, N=2 (30)
186,5 58,25 73.5 56.2% (31)
44, 95,08 -152,5 1804,.8 b k=6 (30)
73,5 18,42 73.5 134,9 (31)
44, 19,42 -201.5 1902,.8 | k=7 (30)
235,95 97.1 24.9 19.4 {31)
44, 58,25 =201.59 1902.8 Ly g (30)
23%,9 58,2% 24.5 58.25% (31)
44, 95,08 -201.9 18604,8 k=9 (30)
122.9 18,42 2445 134,9 (31)
4 ¢1))

=22, 99, -19, 2118, k=1 30)
€. 24,75 bb. 90, (31)
22. 90, -79, 2178, } -2 (30)
b6, 24,75 22, 90, [=3. N=2 (31)
-37.25 25, =79, 6715, } k=3 ’ (30)
b.7h 14.5 1,29 25. (31)
37.29 25, =19, 675, = (30}
81,25 T4.% 6,75 25. (31)
4 (29)

v22, 29, -22b. 2965, { k=1 {30)
2z. 83,4 bb, 29.1 (31>
=22, 29. -~c2hb, 2563, | k=2 (30)
66, 85,4 22, 29,1 I=4, N=2 (31)
+22, 86,37 -226, 2475, | k=3 (30)
22, 28,1 bE, b, 4 - (31)
-22, 86,37 -2db, 2479, K=4 (30)
656, 28,1 22, 86.4 { (31)
1 (29)

0. 114,5 -15%2,5% 12950, . - - {30}
0 U, g. 0. f k=1 } =5, m=2 (31)
1 . 29

0. 0. -15%2,.5 1293b. _ - _ (30)
0. G, V. 0. k=1 } I=6, N=2 (31)
U 1 (32)

6.0 0, 0, 0. 0.8 4250, (33)
0. (33)
END (1)
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TABLE 14

SAMPLE PROBLEM PRELIMINARY OUTPUT
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06

GENEWw4LIZED TRUCK SMELTE#,

J08

RUN JD = M3SAh2 alTH RETROFIT SHELTER ALGIOLy ATTACHED, RACKS SPHING=MOUNWTED,

VEHICLE TYPE - wnEELED,
SHELTER RIGIOLY MOUNTED,

NUMBER (UF RACKS = @2
AACK NUMBES 1 Hai 11 SPRINGS,
Raln NUMBER 2 HA3S 11 SPRINGS,

TRUCK HAS 3 AXLES,

AXLE TIRES SPRINGS
1 H e
2 & 1
3 4 1
INGEX MASS X v
1 L2414000E+0 0. «3189000E+02
2 «3660000E+C1 0. i
3 +H423000UE+0L 'N N
4 LU4250000E+01 0. '
5 »1200000E+01 »2901000Ev0Qe LT451000Ev02
[] «1200000E-0] «2901000E+02 »T4S100Q00E+02
JYSTEM CG MASS = L4506600E+02 X = 0. Y =
INDEX = 1 VECTOR FRUM CG TO “ASS = ']
INUEX = 2 VECTGH Feum CG TO MaSS = 0,
INDEX = 3 VECTUR FWUM CG TU ™ASS = Q.
INUGEX = 4 VECTOR FROM (6 TO MASS = 0.
INDEX = 5 VECTuw FRQM {6 TO “a§$ = _A290100E+u2
INDEX = & VECTUR FRrRuM CG TU MASS = .290100E+0D2
INERTIA DATA
KI¥Y2 = =_19600E+0%
INERTIA XxI1 xI2 XI3
«11240E+08 ITUYQE+DS WHOFOYELOS
¢, «23300E+04 v25300E+04
[ L1T300E+04 ~TT3G0E+DY
Q. JT1300E+04 «T730QE+04a
»S4TQGE+LD bbby QEY02 SA0SVOE+Y3
SIGTALE+GS POBHOOESDR2 S405S00E+US
SPRING ATTACHMMENT PUINTS
1 L 1540UE+Q2 10800E+02 n,
2 SlTHUPERYE =y 14000k D} . 32400E*D}
3 L20240c402 o, . 15000E+03
[ 220240Esy2 0. -, 17800£403
TIRE «A5d74ce0e G. a,
TIRE=({CG) L§38T4Eey2 -, éT12db+02 _9BdabEeg2

TINE «2%290c002 o

. =,15000E%05
TinE=(CG) 292590k +02 21 728E40¢2

-.3134aES L2

4

=.8977000E+02
0.

~.1300QU0E+03
“.1180000E+93
=.126%600E+03
= LTIQU0OE+CS

L2172158Ee02 I

«390242E+0]
-, 271210E+0Q2
=.277276E+0g
=.27127eEr(e

LU TB24E+Qe

CUbToL4E+D 2

«154yQEr02
«15UDDE*YL2
.20240E+02
«2024QErQ2

vERSION 2,0

-,98455978402

129856E+02
«984356c 02
=, 315dudEe)C
=.795duuiE Qe
~.2BIUNHEL Y2
= T49BGAE+ (2

+S56000E+0] G,

L11190E+02
LS0000E+UL
.50000e¢01

“.10760E*02
= 1300GE*0S
=«17800GE+03



T6

Tlkt (TS 0Ee02 1]

TIHE=(C8) LAUTR0E+U2 - 2772BLe02
Tint .29250E+02 0.
TIRE=(C6) L29250E402  «,27728Ee02
T1KE L40TS0Es02 O,
FINE~(Cb) L407S0E+0e  -.27728E402

BOLIE SPRING ATTACHMENT PULINTS

UVATA FOR NON=LINEAK

SPRING  BXLE P
5 z LE02UQDE+0R
RaACe SFRING ATTACHMENT PUINTS
SFR]ING
-] «29010E+(R LUABTUE DR
T «29010E+02 LAY8T0Ew02
8 «2901QE02 J1023TESU3E
9 «29010E402 JID2ITESDS
10 «3u4TOE+Q2 JU1BTODE+Q2
11 +235950E+02 L41670E+0C
12 «JULTRE+Q2 +JUIBTQE+DR
13 2 23550E+02 <431B70E~DR
1u L22320E002 JHLBTOE+QR
15 «35TO0E~+02 LH418T0E+0Q2
16 «37910E+D2 LL108TE+03
17 2901 0E«02 SU1BTOE+OR2
18 2901 0Ew0E L4)BTO0E+GE
19 29010E=02 JI0237E403
c0 2901 0EsQ2 L1023TE«03
21 P 3udTUESQ2 Lulbi0Ee(e
ez »23550L+02 JUL870E+02
23 +3udT0ESD2 SHIBTO0ee02
a4 «23550E+02 CA1870E+02
25 ~223206+02 JULBTOE+QE
L] «35T00E«02 LE18700002
a7 .37510E+02 JI1OBTECS
SPRING | ¥ F
1 -«100000E+05 «B24000E+0a
S -.500000E+01 . .440000E+C?
3 0. -
4 «S500000€E+01 =.B10000E+02
5 <1U00Q0E+GS =,183200£405
SPRING 2 v F
b - 100000E+05 «Ebi1bD0E+US
H «,500U00E+D] »375000E+13
8 0. 0.
9 «S500000E+0}r =-.325000E403
10 ~10000GE+0US - T3IGOOE+OS
SPRING 3 v F
11 =, 1C000VE+Q3 0,
iz2 »100V00E«D3 Q.
SPRING & v ;
13 =.100000E+03 0,

- 13000k u3
- 31544402

- 1TBO0E+0S
- 79500k eg2

» 17B00E+D3
-, 795a4FE+p2

- 1Z0TIE+03
=.13519E+03
-, 12135E+03
L132S7E+03
L12093E+03
L12093E+03
13299403
L13299E+03
L1269bE«03
L 12696E+03
L 12696E+(3
L16681E+03
LiT92T7E+03
JIBTUIESCD
LETBESE+03
L14T01E+03
JJUTO1E+Q3
L1790TE+03
L179Q7E+03
LIT30uED3
LAT304E+43
JIT304Ew03

-
-
-
-
-
-
-
-
-

S3I50VUE+Y2
+39000Ev02
»35000E*Q2
+3IS0C0E+p2
+3ualoE+02
«23550E+02
S3GUTOECD2
«23550E+02
.22320Er02
«3STUOE+G2
+JITSI0E+D2
+350U0E+C2
«35000E+0L2
L35000EQE
.35000E+0@2
Lduat0Err2
2235500402
JBUUTQECQR
«23550E+ue
.22320E+02
L35T0CE*QR
«315]10E+02

DAMPING

JU4)BTOE40C
J418TQE202
SAb23Te+03
2I023T7E*0Q]
«35000E*QR
«35000E+02
«35000E*02
.35000E*D2
LH1870€202
LG1B70E+402
+ILUBTE+O3
+41BTOE+D2
JULBTOE*DE
L1U237E+03
f10237E+03
«350uueedE
L380C0ug+02
»3500uerl2
+35000E*02
JULBTOE*LE
“élpTOE*U2
«11UBTE*D3

=.12075E+03
=,13319E+(Q3
-, 12135E+03
-.13257E+0)
-« 12093E+03
=.12093E+03
«13299E+403
«13299E+03
-12000E+03
»12000E+03
«12000E«03
.16b81E+03
L17927E+03
216TU3EL0S
217865E+03
+14701E+Q3
S14701E+03
«1790TE+Q3
«17907E+03
«1b000E+03
«16Q00EYO3
«lo0UDE+D3

[ B D R N R R R B I I |



A

SPKING

SPHING

SPRING

SPRING

SPRING

SPRING

SPHRING

SPRING

SPRING

SPRING

SPw®ING

SPRING

SPHING

SPHING

SPRING

11

12

le

17

18

19

14
lo
17
18
19

20
21

22
23

24
25

26

27

[d]
£9

0
n

LI
33

34
35

3s
37

18
L)

ap
al

42
43

uy
45

as

BELITL TR

v
=, 100000t +0%
=.50V0C0E+0)
0.
«S500000E+01
+100000E+05

v
~.100000E+05
LE00000E405

v
~10CULOE+GS
J10000JE+DS

¥
=, 10000UE+DS
JACO0QCE+CS

v
= 14V000E+ 05
L100000+05

v
+.100000E+05
L100UULUEDS

]
= 1U0000E+05
«1000GOE+D5

v
~+}00000E¥0QS
<100u00E+0S

v
~.1000Q0E+05
<10000CGE+05

v
~.1000p0E+05
+4000QOE+DS

v
=.100000&+05
»100000E+05

v
=+ 10Q0G0E+DS
«100QQ0E+05

v
=.100000E+GS
«100000E+05

¥

=.100000E+05
«100000E+DS

¥
= AUDpp0EYDS

U,

1
~136BGUESDS
«BEOUCDE~GE

0.

*.1b2000E«D3

=.366000E+0S

F
«101400E+00e
=.101L0QE+CL

3
«l0laioks 0
~.101600E+00

F
«S50000E-0S
~.507000E+05

F
+50T000E+DS
~.50T000L+0%

F
«1B0500E+05
~+TbOS00E+05

[3
«Te0%G0L+0S
. TeOh00EYLS

1
«THDSHUE+DOS
=« TB0SG0E+VS

F
$TBOS00E+05
~.T60S0CE~DS

F
«1014QCE*D®
= 101U0pE+06

E
«101400E+00
~+101400E+06

'.'
«101490E+086
=, 101400E+vp

F
«101400E+L6
=« 101400E+00

F
«101800E+00
~«10140CE*0b

F
+507000E+05



£6

a7 «100000E+05
SPRING 20 v F
48 =, 100000E+0S +507000E+0S
49 <100U0QE+0S ~.S0T0GQE+QS
SPRING 21 v F
50 =.10UQQDE+DS «TB0SQ0E+0S
51 «1UQUQ0E+*)S =.780500E+0S
aSHIng 22 ¥ F
52 =, 100000E+0% TB0S00E+0S
53 «100000E+0S =.T760S00E+05
SPRING 21 v F
54 =.100000E+05 +160500E+0S
55 J100G00E+05 =.TBOSO0E+(S
SPHING 2a v F
56 -.100000E+05 +160500E+0S
57 «100000E+0S =,T760500E+0S
SPRING 25 v F
58 =.100000E+0% LSL01LQ0E+0s
59 +10000QE+0S ~,101400E+400
SPRING 28 v F
60 =.100000E+05 S101400E+068
61 »100000E405 ~,101400E+900
SPRING 27 v F
LY =.100000E+05 C101GU0E+G8
63 +10Q000E+0US =-,101400E+04
TIRE OAMPING COEFFICEIENTS
NORMAL 500000£+01
TANGENTIAL «500000E+01
OATA fFOR NON=LINEAR SPRINGS,
SPRING x F{x)
1 =+ 52000E+01 162000€E+04a
2 L' 0.
] «10000E+Q3 =, 10000E+08
SPRING 2 2 F(x)
1 =.10000E«03 0.
2 .10Q00E+C3 0,
SPRING 3 X F(X)
1 ~.50000E+0] 0.
2 L10U00E+y3 0.
$PRING % F(x)
1 =.50000E+0} 0.
2 L10000€+03 [
SPRING § X F(x)
1 -.62000E+0} «T1300E+0Q
2 9, 0.
3 +100006+0% =, 11S00EeNs

SPHING

~+507000E+0S

E(n)



w6

$PRING

SPRING

SPRING

IPRING

IPAING

SPHING

3PN ING

SPRING

SPHING

SPRING

SPRING

IPRING

SPRING

SPRING

SPHING

11

L4

15

ie

20

21

-

—

—

-

—

—

-

-

=+50000E~00
«S0000E+0C

X
=.59000E=0C0
«SUNO0E+GD

X
=.90Q00E+00
+SO09Q0E+QC

A
=+DS0UQ0E+TO
+S0C00E+ QO

X
=.50000E+0Q
+90000E+DD

1
=.SU0000E+CD
+S00Q0E+GQ

X
=, 30¢U0E«00
«3CQ00E*V0

-
~.5Gu00E+00
«S0QUOE+CQ

A
=«30000E+R0Q
«90000E«0Q

X
=, S0000E+00
+3U0Q0E=+Q0D

X
=.50000E+00
«50000E+00

X
-.50000E+00
«S00U0E-DLC

X
=+S0000E~00
«30090E+Q0

A
=+50000E+00
+S0000E+00

=.300C0E+uD
«S0C00E«CQQ

|
=+30000E+C0
«Suv00E+GQ

«51000E+04
=.51000E+yu

F(x)
«S1VU00E+Ca
= S1G00E*0u

F{x)
«25S00E+04
=.29500E+0G4

Flx)
L25%00E+Q4
~.2350GE*Qy

F{X)
«38250E+04
~.38230Evyu

F(x}
«38250E+0u4
~.38250E+04

Fix]
»IBESGELQu
-, 58285GE+ya

F{x)
«38250E+0u0
= 382506+ 0a

F(x}
+910CUE*ua
=+.31000kE*y4

Fx)
»S1000E+04
=.51000e+04

Fix)
LS1000E+04
=, 51000£E+04

Fix)
+S51000E+0a
=.51000E»yg

F(Xx)
«51000EvQq
=.51000€E+Q4

F{x)
+25500E04
-~.25500E+ua

F(x)
v25300E+04,
=.25300E+94

Fix]
+38250E+04
*,38250E+04



<6

APRING

SPHING

SPRING

SPRING

3PRING

SPRING

IPRING

SPRING

RAUIUS
SROUND

22 X Fix)
) =,50000E+0D »38250CE+ 04
2 «30000E+GQ =.38250E+04a
23 1 F(%)
1 ~.50000E+00 «JB2S0E+GU
2 +93000Q00E+0QQ =-,38250E+0a
24 x Fixj
1 -.50000E+00 +38250E+04
2 SSEULRLHGT ~+386230E*0
25 X F(x)
i =.50ulQE+QQ +T1000E+Ca
2 «30000E+00 =+51000E+04
26 X F(x}
i =.,50000E+00 »510Q0k+vua
2 «3000QE+Q0 =+51000E+00
27 X ) F(x)
1 = 30000E+Q0 «51000E+904
2 «SQ000E+Q0 =.51000E+04
28 [ F(x)
1 -, d9000E+q] «2L900E+US
2 - 12300E+00 «80000Ery2
3 ¢. a.
29 X F(x)
1 0. .
2 «12500E+00 d25vdErp2
3 »10000E~02 »12700E+05
UF AHEEL = +191CCE+Q2

SLUPES AHE  G3(1

PROGRAM wlLL RUN unTIL
THE TIME [NTERVAL QETNEEN STEPS =

PRINT TIME MISTORY RESPUNSE EVERY
A SPECIAL TIME INTEMvaL OF

NUMBER OF AERQDYNAMIC BOX CONFIGURATIONS

90x DESIGNATIUN CUDE
BGx hO,

1
2

copé

1 80x RIGIOLY aATTACHMED TO
1 80x RIGIDLY ATTACHED Tu

B0X, FACE,GHID POINT, a

1

MU P e e e g e
e e LD A L e

YN VI L TR P T

«3U5000CE»2
3990Q0E*ge2
L3USQQ0EQR
« 3050y GE»Q2

-, 152%00€~02
»192500E+02

G,

o,
SH4Q0UQE e
+4a000QEsQe
«HE0YQUESY2
LUB00N0E P02

)

0.

G5(2) =

COEFFICIe~T OF SLIDING FRICTION
0.

«B80Q00VE+QQ

TrE PUSLITIGN WF

+12000E+Q01 SECONDN OF RESPUNSE HAVE BEEN CUMMYTED,

+15000E~-03 SECONNS I3 USED UNTIL

T
«162500E+02
WBL2IVQESGE
«102500E+D2
«412500E+0Q2
«250000E+02
«290000E+02
+S00000E 02

0.
w194eUQEeL2
«58290CE«G2
J¥SUB00EC0R
+ 19420002

.Su000E.03 SECONDS,
100 STEPS,

= ?

VENICLE
VEHTrLE

2
+BSA0UUE+Q]
«B3n000E+01
=, 42cyYQE*Q2
=.825000E+02

“SanBo0Esn2

+3an0Q0Er02
= 17a000E+y2
=, 17n000E+0¢2
=, 1nE900E+*Q3
=,1ntS500E+u}
- 1AvS50QE+0]
=.152500E+03

AHEA
165750E+ 04
+BI2SOHEDS
L165750E+04
LH9250CE-03
.152500€E+04
152900E+04
622200E+04
Lb2220GE+04
L190280c% 0y
J190280E+ 04
.1806a0E0u
1902808404

«30000Q0E~y1 SECONOS,

511
+255000E+02
+259000UE+0E
TeS5000E+02
JIBSQ00ELQ2
«152500E«02
+457500E+02

v.

0.

W1 STSU0ECQS
W1 3TSOUESQS
+243000ErQ2
«l86500E+Q3

GRAVITY =

3l2
4875002002
+B7S000E0]
LUBTSO0E+(2
+875000E+01
«250000E+02
+230000£+p2

Q.

0.
«S174aQuErud
J2RUyUYErLE
«lad2y0kegd
Bodyuur+02

«38600E+03
THE SLJPE CHANGE IS

§[3
«T63000EsQ2
«TES00UErQR
«25500uE+u2
.255000E+02
L437T300Er0E
«1525QUEs0Q2

0.

o,
«122500Evu3
«122500E+03
W 122900E+43
T 35G00E+y2

«100U0E+04

314
o 162500E+u2
«H12500E+rU2
«1825Q0E+02
«41250¢€Erye
=29v000E+Y
+230QQQE+y2

0.

0.
«19400yErQ2
JAd25ugEsu
L SUSYUE QS
«194g0yE~gR
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)

N R R AR WA A
O W E B F R Wb e e e
—— ok Y s P s O Dh A

START THIM
VEHICLE HAS

dLAST MUDEL
RESFONSE RU

BLAST DATA
ESTIMATED
ATIMUTHAL
AZIMUTHAL
INCHEMENT
YlELOD, KT
ALTITUDE,

AMBIENT CON
PRESSURE ,
SPEED OF

LA40009Exg2
LHG0QQ0E Q2
LG40000E+902
LddGau@Ery2
LU40Q900E+02
-, 220000KE+(2
220000E+02
-, 372500E+02
5729500k y2
L2eGGadE+ge
=, 226N00E+]2
.220000€+02
=.2200008+02
T
V.

CaLCULATIONS.
TRIMMELD

= 1 T, 5L
N QuLr
P50, PS]

ANGLE 1, DEG
ANGLE 2, UEG

IN ANGLE, QBEG

FT

oIrions

fsl

JJuhl, FTsSEC

H o

0

Nk W

.582500E+92
. ?50800E+02
+194200E+02
. FAISVOE*G2
«F90800E+02
«900000E~QE
«900000E+02
«25GUQ0E+02
+250000E+02
290U 0DELDE
.2909400E+02
«B63TU0E+D2
+A65700E+02
< HIASO0ESDE

-,1%2500E+03
=.1%2500E%03
*.2n1500E+05
-, 2n1500Evu}
-,201560E+03
=, Tan0GQE»Q2
~.1ana00Ev(2
=, TandQCE~+02
=.T9n000QE02
-, 224000E+03
-, 22u0U0E+03
-, 254000E+03
-, 23000UEwY3
-, 152500E+03
-, 155500E+03

«6GI00QE+q1

G.
Q.
0.

+80000QE+y0
L425000E+04a

« 1257538+
«11G003E+0a

190280E+04a
L1804B0E~04
.190280E+04
£190280E+04
L180480E+04
211B00E~Q4
L21780CGE+Cd
WbTS0Q0E+DS
+b75000E+03
L256300E 04
.256300E+Q4
LE4T1S00E*UY
L247500E+04
1293HPEGS
»129350£8+4905

»1802UGE+Q]
LT3S5000E+Q2
Z235500E+03
«239500E+03
«122990E+03
«220000Evue
«bBGUOUE+QR
«BTSO0UGE+QL
JB12300Eev2
«220000E+vE
.bb000QE+0R
e20U0uuErD2
LBRO0CIEYGE

0.

.

+582500E%02
1BU2QUE~DE
«971000E+02
+SB250UE+Q2
«184290E+02
L247590E+U2
«247590E+02
+TUSQ00E+QC
»T4S0QQE+]2
45400 0E 02
LAS40Q0ES]E
.2B1000E+02
»2810QUE+0E
0.
0.

<735000Ev0e
LT135u00E+02
L24S0UQERDe
L2U30u0ErQ2
J245U00Erue
»08000uE+Q2
«220000EQE
+812500Eru2
«BTSU0IE+OL
.bB0UQOE«Q2
L220000Ewy @
Lb60UQCEeRE
L22U0U0E+D2
¢.

Q.

»582500Er02
«LSU90QESYS
C1FUQQUE-DR
«584500ErVE
« | 54GUESCS
+IOV0GQE+U 2
«9000u0EL0E
«25000vEe0
«29¢00yEQ2
«£¢J1UU0E+VR
.29109uErue
JH4pd00uE+02
+BOUUQUE+Y2
da
.
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86

Jog 1} CASE ) TRIAL 1)
AZIMUTHAL ANGLE, DEG
PEAX OVERPRESSURE, P31

PEAK DYNAMIC PRESSURE, P3I
HANGE, METERS
OVERPRESSURE IMPUL3IE, PSI=SEC

UYNAMIC PRESSuRE IMPULSE,

BEGIN TIME ®[STORY CALCULATIUNS,

TIME = 0, CG DISTANCE = L3765u2E+02
OISPLACEMENT =
0. 0, =, 3792E+01 «,2%67ta02 O,
e, f3493E+0L =, R2RY95E~[6 =.2F63F-id = 15jdE=01
=+1651E=01 =,1371E=03 -,2L188E£-03 ~,1987g.02 .2287E=18
= TUT9E=18 420SE=14  =.1651E=01 =,13716-03 .21 4BE=03
vELDCITY =
0. 0. 9. 0. 0.
o, 0. 0. 0, 0,
a, G, [ Q. [
0. 0. Q. 0. 0.
ACCELERATION =
«1S07E+0E =, 723GE+yd  =.2335E-11 =,9506f-13 LoT13E+02
=, 1507E+03 LT105E=04  =,1507E+03 L16195.05 = ,4371€+04
= 43T1E+OL L3119E=12 =-,b713E%02 L1948E+04 =,1507E£+03
= 1507E+03 £1929E+05 £4371E+04 =,1005F-11 =,6713E+02
ROLL = o, s PLIICA = =, 29609802, Yay = 0.
AT TEIME = LTB0000E-0Ge SPHING &7 807Tums ngl, DEFLECTION
AT TIME = JTB00G0E=02 SPHING 48 B0TTUMS ~nT, DEFLECTION
AT TIME = L1B00G0E~02 SPwING 49 BUTTULMS -~nT, ODEFLECTION
AT T1MEg = JTISN00E~02 SPRING 49 BUTTUMs ful, DEFLECTION
AT TiME = «855000E=92 SPRING 1S OGTTOMS nanf, DEFLECTION
AT TIME = +855000E~-02 SPRING 16 BUITUMS ni ¥, GEFLECTION
AT TIME = LB55000E=02 SPRING 37 BUTTOMS onT, CQEFLECTION
AT TIME = »855000E£=-02 SPRING 38 BOTTUMS nuT, DEFLECTION
AT TIME = LBT0000E~v2 SPRING 1& dOTTOMS nyT, OEFLECTION
AT TIME = .87T0000E~02 SPRING 38 BOTTuUMS nyT, CEFLECTION
AT TIME = L10B000E=01 SPHING 24 SBOTTUMS pyT, DEFLECTLION
AF TIME = J11550GE=01 SPRING 47 BOTTUMS guT, DEFLECTION
TIME = «5000E=01 C6 DISTANCE = L360308E+02
DISPLACEMENT =
«3720E~0LF ~.2343E~01 =, 3TITE+01 . _1uU%9£.02 L9366E=02
=.3036E«01 +3357E+0y  =,2737E-02 L1096F400 =,2857E-ul
*L4T89E-01 ~.TH8BWE=03 +,16buE=02 <,2399£.01 =.2690£«02
=~ 2406E=G2 C1I9IE+GU = 8816E=02 =, 5790F403 L1992E-02
VELOCITY =
«9042E+00  =,5)1235E+02 «2391E+0) L4797E.0) L181DE*00
= 0480E+00 =, d509E+0) «5311E+00 =,5123F.02 J87T4E+01
«101bE+Q2 «T9USE~UL  =,294BE+0C JHOLTELO +SOUTE+D0
+BUSBE+00 =.19p7E+02 ~.253dE+Q1l =,2499c.01 LETUOEYDO
ACCELERATION =
= 3uS2E+01 NFFIIeYY L9SFTESDR SIBQ1FL01  ~,S5272E+0)
WR1BUEXO] o 1YSBEC0S STTUUE+02 =.2418F.0u LlaplEe0s
wHELBEYDS <1700€02 J2IHGE*0R2 =, 2%30C.0) JImllEs0R

PSI=SEC

BH W HN

o.
LBnAU00E+0L
LI571TIE+Q0
« 3543536403
5797 12E+00
enal?iE=QL

=.7798E-01 0.
= Tla7E=Q8

~ 2879E 05
L2THBE=14 =.1%1uE=91

=.1987E-02

Q. 0.
0. 0.
0. 0,
Q.

«2541E=11
«1892€-11
2 Ib19E~0S
= J9UBE+O4

=, 19¢7E+03
-, 4713Ew02
4371Eevd

Xz 0, s Y
=.3972411E+00
«S01607E+G0
“SU4TSOE+QQ
«310169E+Q0
=.5u2aQ3E+00
=,90/Gp0E*QC
+503550E+00
«9073594E+00
~.511222E+00
«511432E+00
=«SUQ4)IDE~00
+901198E+00

TAnSE-01 =, 3236E~0)

HOSTE-GS J22dbe=02

Ll070E+QU LIUTOE-0R
~.4055E=01

LH9TUESQY =_7275E+00

«1232E«00 L1224E400
= l0uuE+rd2 =,b758E+01)

Jd22i1E+02

RETTIXIr JHGBTEDL

»l2UuEeyld =,1721E%02

= 2uluEsdd  =,5904£+05

L2U22E+01
=.9939E=pu4
=.T147E=0Cb

Q.
q.
.

=.122b6E-10
»194BE¥ Q4
«l8T4e=11

S = 37917E+V1,

+2U9LE+YL
whEedlE-p]
=a1272E=03

13735001
=+ 401b6Er0]
=.3273E~01}

«B2l5ee02
-, l4B89E+uu
-, lT2%E+ue

¢.
- lbl1BE=18
«2BTIE=0S

Q.

G,

=.1507E+03
= 1307E~0Q3
= 6713E+02

L =

=.3116E=01
=.1956E=0¢
+1894E-02

=.6502E+00
«F2I6EXDO
+2L8TEXQV

«36d2Erul
=.30T7E*ye
=.elBake0e2

«3351E+01
=,3069%c~14
" SF59E=va

V.
J.
0.

~ PTRRE~04
< 1929E 05
= 196dE*VY

=, 72357E=-01

»32BUETGL
«ldSuETRY
=.3%00E-01

-, 2574E+U1
-.2bYbErDE
2 TUBBE+QL

e, 12bde+0}
=.3299%E+uU4
«SavBEYYS



66

TIME = «B000E+0Q
DISPLACEMENT =
L4023E+00 =,1649E+0¢2
-, 9312E=-0C1 +1T¥TESQL
- 1315€~03 +3904E=04
W 132BE03  -,9162E~02
VELOCITY =
«1725E+00Q «162TE*0)
=.3529E+ 00 T8345€401
= TAJUE=01 =, ,6206E=-03
<UFBIE=03 =, 3uTdE=q]

ACCELERATION =
=.137T0E+01
= 306CE+0}
=+ J631E+01
" 1683E-01

= L112E+02
FEDIFS LR
ed4028E=Q}
«H2IBE+00

qOLL = 28031 TE+Q0,

TiMe = ' JBS00E+00

DLISPLACEMENT =

JHOFEE+G0 =, LlB643Ev0Q
o 11ulEC0QQ 2uELErdl
=ebS87E=02 -, 3443E-94
P1559E-03 =, 1107E~01
vELOCITY =
+1040E+0Q «ITIBES QU
=-.5263E+00 «24U3ELQR
. 1269E+00  ~,1049E-02
+A308E=~03 =,43579E=9]

ACCELERATION =

~.13928+01  =.1292Ev02

PITLm

CG QISTANCE =

«T160E*0]
«1373E-03
«1232E-03
= 4143E-02

=+ 1187E*02
«1295E=03
+3334E=-03
=o7989E~G1

*s1731E+03
. 1361E=-01

+3959E+00
=.463I2E*0L

L49995 01
=-.95468-02
«2976Ea02
L0349F05

-, J643E+00
- 1260£a01
-, 2875ca02
-,9587c.903

-ld21E+01
LiT83E400
«5e813F401
L100TE-01

= «Sded3E=0l,; Yar =

CG OISTANCE =

«HIBTEYCL
214TLE-02
=, LIAUE=Q4d
~.F7B3E=D2

~.1941E*02
«1990E=03
«2369E=03
=«1302E+00

=sl226E+D3

«4043Fa0]
DIRTS 713 1
Y EATIN
= 95%6E-00

~.2095F .00
=.2062F=C1
*.1188Fa01
“. 131102

-, 40535F+00

~y2517E+41 -1358E+03 JIVTPE-0L  =,9980E400
= 2139E+01  =,3140E-02 WIT1E~0L JiebdE .01
CH2IRE~01 =, 2181Ee0] =,1728€+01 L2908F 04
ROLL = «81012E+00, PLTCH = L45303E=01, Taa =

AT TIME = «B98500E+00

SPRING 10

80T TUMY nul,

L193007E+02
JI5188E=01 L9956E+0G0 =, 260SE+GC L1BB3EF01 =, 1895E+00 JUUBAESQD
-, 3807E=02 <5580E-04 J136UE=03 L307QE=02 LAIL3E=03 -, 90S1E=02
L1386E-03 -_9629E~02 =, 8922E-ve .5549E-04 =,1459E=03 L2694E-Q2
-, Bb2%E=Q4 L1932E=02
J1018E=01 L4538E+0) ~-,9260€-01 =,1277E+01 =,5562E+00 «1234E+q1L
«,A518E-01 =,.5870E-00 JF237E=03 =, 5551E-03 «S5128E~03 =, 4144E=-0]
JB343E~04 ~_ 954BE~02 -, IB5SE-01 LITR23E=03  =,1499E=-02 2232E=01
JA752E-02. ~,1280E-01
L2313E~00 24BRELDR L2008E+01 =, BI4DESUL L2829k +0] «2134E+03
o, 14B2E+Q1 L1603EeQ0 LT B94E+ Q0 JT346E+QLl =, T94BE=g2 .1109€+00
-, 1302E-01 JT122E¢00 =, 1715BE+ul +3927E-01 ~,2313E+00 L18Fucs0}
- 2GHBE+)C 2698E+01L B
LE4BOTE=d1, X = =,lY%auscevl, Y = JJ2783Ewy1, L = +1590T7E201
L193534E+02
. 3245E-01 J123BE+01 =,2631E+00 JLBLI4E+0L  =,2136E+00 «bISEE+Q0
-, BB51E~02 +2112E-04 JESB9E~UY .1309e=-02 L1995€-03 -, 11Q4E-01
JAGTUE-Q3 -,10356E-01 -, 1008E-u] J3U2bE=-0a =-.102BE-03 2368E-02
L3998E-00 L103%E=-02
JdbyaE-q2 2U848E4Q1 = 394BE=01 =,1581E+00 =,0110E+00 LT211E+*0)
e, B3THE=0) =,d4501E=03 = 1U89E~¢3 =,2297E=01 L4952E~03 =,47T79E=y1
L4739E«03 o, 1892E0] =, 7558E=01 =,1670£~03 ~,2153E=y3 S14STE=01
L2072€E=02 =-,6295E-02
“ A4S9E+00 =,12350E«02 = BUQYE+0OQ JUHI2E402 +2810Esu LHULBEPLE
«,1508E+01 «V093E-9} . 3989E+00 ZS480E~01L Lb20BE=-Q1 =,2173E+¢1
J3361E-01 =.11L1E+0Q1 =, 3436E+00 JAT19E=01  =,u4992E-01 SE451EYUL
L1a85E=-0]} «1B89E+DL
L25018E~D1, Xz =, 19082Es02, 1 = «25683E+01, 1 = «1791SE+01

DEFLECTION = =, b2025T7E+yl



TABLE 16

SAMPLE PROBLEM SUMMARY INFORMATION
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10T

SUMMARY [NFORMATION

VISPLACEMENTS
00F 4 4ue MAKIMUM, ., ... TIME
1 LU1283E400 VB98S0E+00
2 0. 0,
3 .T565a3E«01 «T3050E+00
W e3TEFIE=V1 W TUBIOEwEE
5 L39212E~01 +Se6U0EXOD
6 L19797E+01 +35200E+00
T 9. 0.
: L28496E+01 J18300E+00
9. .
10 .3952BE+01 +12000E+03
11 9. 0.
12 .37880E+01 L89850E¢G0
13 . 37528E-02 L 33000E-0)
14  ,37863E+00  ,93QQ0E-02
1S .85752E-01 L23450E400
16 11494E-02  L2STSOE+00
17 .53238€-02 WSTOGOE~OL
18 ,e67342E-01 JUTSGUE=01
i%  .e339FE-ve WZITQUE=0D]
24U .38320E+00 JA5500E=02
21 «99349E=01 J23B50E+00
22 L10159€=-02 L, 26250€+00
23 L12648E-01L +13200E=-01
24 .b83pelE-u} J2oUS0E+00
2% ,38200E-02 V53000E~0G1
2v  3794%Ee00 VF4500E=02
a7 «TI0SFE-0QI L 103S0E~U
28 LJidalnE-02 W22350E~01
29  ,a39pBE-02 «S1000E=0Q])
30 WSISTHE-D «28700E=0)
3 .S1309E=02 L, 31500€=01]
32 .38900E+00  ,A7000E=02
33 JATSTTE-O 291G 0EF0OD
3a .19319£-02 J1B300E~-01
15 “BBUIFE=D2 «10U3ICE~»Q}
38 .TOB82E-01 «295200E~01
VELOUCITIES
DOF oy pe e MARTMUM, Loy, TIME
1 L16589E+01 +17800E+0Q0
2 L2TQ59E+G2 120U0E+Q}
] L41590€+02 V51800E+00
4 L2T9T6E+00 W51150E+00
5 23120E+00 +50500E~01
& LB7938E+01 «2LFQ0E+OY
T LT1954E+00 L 42150E+QO
8 .1628aE+02 +358900E+0Q0
9 BYITTEEIN C4B1SUE+D0
10 JS166FEL0R 20200E£400
11 «12818E+01 LJu3TUuEs00Q
12 JUBaBlIEX0R +237T00E+00
18 L17%72E40Y Y ITT
14 JB0819E002 yBSUYvE-Y2

eeves s MINIMUM, ,  .,..TIME

0. fa
~.16483E+02 +&4TTS0E+00
=u379L6E+0} «19500E=-02
= E507GE-Gc «1553008=52
0. fy

~.78081E~01 «19500E=-02

~«32113E+00 »34900E+00
s11414E+01 «3355QE+00
*u21TTLESGO s 1013SEvul
44295E+00 STI450EX 00
= 26460E+0Q +23850E+00
«10938E+00 «11430E+01

" HFUNE=DR +B85500E=02
=.18525E+0¢ «2T7T3Q0E-DL
=11513E+00 «10850E=-01

~.20338E~-02 22800E=01
=.13a18E-01% »15750E=01
~.9T214E-01 27900E-01
~.b38d0E=0E «aS5000E=01
= ,25989E+00 «2AHU0E-01
“«11987E+00 «10800E=-01
=.17858E~02 +27700E+QQ
=.T1312E=02 «29950E~01
= TT839E=01 «40S00E=0)
" 4B9%0E~02 «85900E=02
=L 1BAIIELVO «2T600E~-01
=+14040E+00 «30200E*Q0
=.11398E=02 «JBSYQE=QL
=, 11940E~0] «15300E-01
"b0130E=V] <H4QO0VE~0O1
*,55132E=-02 J93500E=01
=.22969E+00 125800€E=0)
~«156T0E+00 LI0200E+00
=.21949E=02 «2TH50E+00
=« 14821E=-01 «l@1Q0E=01
., 95881E-01 «U2500E=01

easMINIMUM, | oy, . TIME

*.14Q20E+00 «1199QE+01
*,58070E+02 «3S5Q00E=01
=o23740L+02 «89800E+00

=+ 21323E+09 +8B900E¥00
= 15205E+00 «10210E+01
. 55498E+0) «S6F00ELQD
= l142b66E+ul «20SS0E+00

= JU023E+02 w20800E+00
“s152056+01 «18200E+00
~.99722E+02 «23850E+00
“u19211E+01 «18100E+0Q

=, u8720E*02 «26250E£+00
= F1aulE0Q «39000E-C1
*,3101%€02 «17850E=(Y



01

15 «234THE+OR
16 +2T001E*QO
17 +16617E+01L
18 «13335E+0¢2
i% J2B08UE+DL
20 +56996E02
2l «+31983E+0Q2
22 22783284y
23 LHUBOIE+D)
a4 . 93605E+01
25 LIhLBYESOL
26 «B06TIEFDR2
27 2tbbdErpe
28 .21552E+00
29 L17002E+01
30 1041 1E+02
31 <2432UE+Q1
32 BT056E+Q2
33 .2T500E+02
34 «33359E+00
5 3R X avE
R L] «12390E+02

ACCELERATIONS
DOF 4. .. MAXIMUM

.1593SE+03
«43201E+03
L38294E+03
+5B8700E+uL
073435+ 2
J33313E+073
L13080E+08
217220Evvy
«1660uESD2
10 «533592bE+GH
11 2151 TR
ie +JBUITE+QH
13 L20646E+03
14 «16798E«05
15 «2TT43E+04
16 «BTB15E+p2
17 «IA0BGEXD3
18 «20820E400
19 «37983€03
au . 19280E+905
21 »36029E+04

O~ E -

- »73008E+02

23 «27S516E+y3
24 S20308E+ 04
2% «20052E%03
26 +1bBOOESQS
2! JUUBUUEL O
28 +23721E 02
29 «52572E+03
36 f17572E+04
31 +32119E+03
32 S 1R2BLE S
33 JHTUYLE +yu
3a LI7638Evye
3% «BlS6TE+DS
3o 295T1EsQ4

w2 3450E«00 ~,18)56E+02
«29230E-01 . 36134E*00
«22050E=01} -, 44825E+0y
«37900E~0]} -.15898E+«02
LTUROG0E=02 =.19098E+91
+o5000E~02 =.b3121E+02
L2 3450E+00 =, 26800E+02
L 4400E+00 -,23013E.Q 0D
.18000E~-02 . 193T4ERO]
L23450E+00 = 0d15E+02
L,47000E=-02 +L,9032bEYuLD
«03000E-C2 =.9ygl3E+ng
<3IN00E+Q0 =, 28212E+0
. 16d00E=01 ~.32832&+00
Le1TS0E=01L = 42418E+y]
L2345Q0E+00 - 14151E+v2
<F9500£-92 =, 12640E+0}
.b3000E=-02 -,58271E+02
L2INSOE+QQ =, J4B85E«02
L2H350E+00 = 3T22UE+QQ
«210V0E~0Q1 . 9804BES 0]
Jal00VE~C]) ~.16024E+02
eees TIME  aos o MiNvIMUM,

+3000VE=03 =, 13955E+02
»4530U0E=Q1 =.81817E+Qa
«23300E+Q0 ~ B2LBQE+]]
+23BU0E+Q0 -.95¢83E+%0
LUSOUCE=03 =.bQdboErDy
«1300UVE=0Q2 =, 26203E+03
«AHJOVE=0] ~.13838E+03
£25T00E¥00 =, 361 JUE+Q3
,43900E=0Q¢ ~L.198FuE«03
L27150E+00 * . 299535E+03
L439Y0E=0Q]) =, 19879E+02
L2T200E+00 - 82011E+03
L23350E=01 =, 35004E+03
+IQUOOE=D3 =.82602E+04
L300uQE«QQ - ,aufdSEsta
.22B00E~01 =L, 4BbbHE+G
.13800E-01 = 253136403
L28800E=01 =+ 19500E+ 04
L18900E=01 = ,60565E+03
N =.8b6t0t+04
<27T190E+00 - 44751E+04Q
. 1063%0E=-01 =.0032bLt+02
L2BTU0E=D] =.582T4e+u3
J430UCGE=D3 =.17092E+0u
.22350E-01 =,33828t+03
J90009E~0C3 ~,B314lE+0u
LIVO00CE=03 =.2B84b4E+Qa
«26750E+u9 = bUIBBELO2
«J3690E=0] =, 24550E+03
L2H100E+Q0 =, 194715E+0a
L2U7T00E~-OL “.54201E+03
. - 8a07uEeQu
LIuuSukeGQ = 3u2bbCryu
278690600 = 84880ty
11400k =71 271840}
L420U0E~D] =,dedouE+0y

+29200E+00
«25250E+00
«855¢0E=02
26450E400
.36000E«0}
< 151S0E=-01
26400E+00
W25800E+00
«20100E-01
»26450E+00
«59000E-01
C1BOUOE=Q1
«29300E+00
«26250E+00
»B5500E=02
«2bUSQE+QQ
«37S00E=01}
P16500E=01
29250E+00
L24900E=01
.1BOURE=D2
L2EU400E+00

Leees TIME
«H8000E-01
.90000E=Q3
«30000E+00
«2T150€+00
L45500E=01
+2T100E+00
«900Q0E-03
«9S56G0E+00
.90Q0CE~0S$
.58050E+00
.90000E=03
L55500E+00
-12150E+01
«11400E-01
<30000E-03
»12000E=01
«28050E=01
+45000E~-01
«106306-01
. 10650€-01
+900¢0E~03
«20T0UE=01
+10BS0E=0)
+26000E+Q0
-12000€-01
L11400E=G1
«31550E+00
.22BD0E-01
-27750E-01

Mo

W11400E=01

~106S0E-11

+23800e+00

L18990E=01

V274%6E=01

«29990E-101



£0T

SPRING MAX

LT N T P TR

o - e
COBNTNE W~

[\YIL. VR, Vi T
£ -

LT
@~

[y
-3

e L et o L
F R Wy

L E AR Al
- O

L
LU Y

54
5%
56

YERICLE HEMALNEY

OEFLECTION . veeu . TIME, s JMIN DEFLECTION, ... . TIME

«31522€+01
<24228EvQ]
<2013TE+Q1
«S53307E+Q1L
«33505E+01
+TE168Er0OL
«34929E+01
+HBULQE+{OL
«S0101E+01L
«33303E* 0L
«S0070E+01
«27350€+01
-20230E+00
«17SBQE+Q0Q
«23385E+00
«2565SE+00
«8b4U9E-Y]
«835485E-01
+88020E=91
«35059pE~01
.68381E-01}
2877T20E-01
«19436E+00
+2698dE+u0
«28950E 00
«U1S73E+00
«3A120E+00
+89897E=01
«+84S15E~01
A 10<8SEYU0
«¥94T0E-D]
«S1843E=-D1
W« S4BSLE=Y]
«10910£+00
+28496E+00
» 399d3E+00
+50355E¢00
«IVLU3IELQ0
«10228E+00Q
wJU0ETE=0}
+10Q66E+0Q
~T2837E-01
+99730E=01
»114TE+QU
212342E+00

INFTIAL CG DISTANCe
MINIMUM Ce YI3TanCE

TIME OF MINImUM

CRIT

+ 33950+ 00
0.
G,
20600E*G0Q
O
«11680E+01
o,
+89850E+00
~25450E+00

Ve

.23450E+00
LOB250E¢00
«24000£E=01
«25500E=0]
«30000E-01
«30000E~01
+23850E+0Q
2 23850E¥00
«23890E+00
+25850E+Q0
»15750E=01
+31500E-01
«2T15GE=01
«2L1900E=Q}
20550E=01
27750E~01
2T450E~v1
«23850E*00
+23850E+00
«23890E+00
123830E*00
«38000E-01
»15000E-01
«41500E=01
+11550E=01
+12600E-01
.85500E=92
+B7000E=D2
-87000E=02
«12000E-01
«87000E~DE
«12150E-01
«40000E=D)
«154S0E~0}
«159500E=01

«33398E+00 «11100E=-01
«50118E+Q0 «11950E=01
«S0181E*00 «78000E=Q2
«SIUITEDQ «79500E=-02
«33399E-01 . 79500E=~02
+JUd23E~91 «2385Q0E+00
«96181E~-Q) L291GRE*QQ
«32508E=-01 «29100E+00Q
28985 E~01 »42500E=01
16322E+00 L 1U2%QE=01
«1110%E+00 «27350E+00
yrrlanl

= +3T0542E+02

3 +1920T0E+G2

LB19000E+00

.SL1698E+00

=~.282pak¢0]
-,620a3E+0]
=s32218E+01
+207q7E~0Q1
~.501n1E+*D}
«33SncE*Q)
=.,5007nE+01
«27550E+01
=.335n5E+4}
L ITYY 3T}
= 36%20E+01
= bbdynErd]
=, 208a2E+00Q
=, U1095E+00
~.50240E+00
=.,51122E+00
=.13619E+00
= l1132E+00
=, 1354%E+00
=.11227E+Q0
«,66bA3E~01L
=ul1115E+00
=.1043a€E4q0
=,90001E+00
=, J50%RE+00
-, 498a5E+Q0
-, 50721tE¢00
e 1189GE*QD
“,11818E+00
~.132a%E+00
~s136T1E+00
=, 12082E+00
- 0291 4E=01
»,89d1E=01
=, 1831 3E+Q0
~.,18a3pE+00
=.22b7RE*VY
-, 27535E+00
=, 19939E+00
=, 137Tn8E+00
“v10375€+00
=, 131a3E+00
*,451n9E=01
=~ 1S45nE=O)
=, 1020nE*00
= 2H321E+00
=,2304nE+00
e @THINE*QD
=e340nSE+QO
. 1358 1E+00
=o12519E+00
= l6310E+Q0
=, 1594 2E+00
-, 080a3E~-01
=.122n01E+00
. 98147E-01

0.
~20H00E+00
»33950€+00

0.
«254950E+00
0,
«2345QE+00
+B62S0E+GQ
0.
«11680t+01
0.
»89850E+00
W 11350E=01
«12750E=-01
«85500E=02
«B8TQ00E=Q2
«B8T00UE=-Q2
«12000€E=-01
«8T0Q0E=Q2
.12300E=01
«48300E=-0]
2 1560Q0E~01
-13200E=01
~10400E=-01
- 10BODE~C1
-78000E=02
»78000E-02
+18000E=902
+10800E~-01
«78000E=Q
«10800E-01
«12400E-Q1
«30900E+00
+26250E+00
«24000E=01
«25500€-01
+30000E=-01
«30S00E=-01
«350200E+G0
«30200E+00
«30200E+00
«302008+00
«15300E~-01
+31500E=01
«2b6T00E~-0Q1
«22200E=01
«235%0E=-01
«28500E=01
29100E=01
L30100E+00
«3U100E~0Q
+27330E+0Q0Q
27 350E+00
«30300E+00Q
«29100E=01
«25050E~-01

exe NORMAL ENO OF JOB
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201

SYMBGL

AA
AB
A8s
ACOS
AD

ADAM
ADAMI
ADAMS
AD1

ADe

AERD
AL

ALM
ALOG
ALPHA
ALT

AM
AMAX
AMAX1
AMIN
AMING
AMPY
AMU
AMUZ
AN
ANGLE
ATMOS
AVSLO

e S g —

AERO
MULT®
SETA*
SETA*®
ENGULF*
AERO*
AERO
TRUCK*
ADAMI®
MOTION*
MOT ION*
AERO
TRUCK®
AERO
TRUCK®
EXTRNL®
BLDATA
TRUCK
ATMOS*
ATMOS*
DRAGL*®
AERO®
TRUCK*
TIRES*
MAXT#
DIFFL*
MAXI®
GEOM*
MAT XITN*
ATMOS*
ATMOS®
TIRES*
MAXI
AERO*
PRE TRM*

DIFFL
SETA*
INTL*
DIFFL

ADANS®

DIFFL
DIFFL
TRUCK*
AERO*
HYTRUK®*
DIFFL
MOTION*
MAXI®

MOTION*
MAXI*

MOTION

RoyClekeer SUPER INDEX »ed2r34ayew

ROLTINES IN WHICH THE SYMBOL APPEARS

ENGULF®
SOLVE*

MATXINY

ENGULF

8OTTOM®

ENGULF

ENGULF

DIFFL

ENGULF

SUMARY*
PITER®*
SUMARY*
PITER*

SUMARY

HYTRUK
SUNTAB

PITER®*
HYTRUK

EXTRNL®*

HYT RUK

HYT RUK

ENG ULF

HYTRUK

SUMTAE

SUMTAB

SUMTAB*®

INLOAD
TIRES*

REL AX*
INLOAD

MOT ION*®

INLCAD

INLCAD

INLCAD

INLGCAD

TRUCK

T RUCK

TRUCK*

LAMBDA*
TRUCK

SETA*
MOTION

REBOUN*

MOTION

MOTION

MOTION

MOTION

——— - ———
b

(AN * FOLLOMWS ALL ROUTINE NAMES IN WHICH THE SYMBOL IS USED.)

MAT XIN*

SOLVE®
SETA*

TIRES*

SETA

SETA

SETA*

SETA

-
—————T

MOTION

TIRES*

SUMTAB®*

SUMTAB

SUMTAB

TIRES*

SUMTAB



L0T

AQ

440
A1

A2

A6

8
BASE
BATA
BATAT
BETA

BETATLJ
BLAST

BOTHM
BOTTOM

-B1

B2

\»

CA
CALC

CC
CE
C6
CoCALS

CGMASS

CGPOS

C6S
CHECK
CINTL
cIp
CIQ
CK

[ I O U O B

AERO¥*
TRUCK*
TRUCK®
PITER®
PLTER®
BLDATA
LAMBDA®
PRETRM*
TIRES®
TIRES*
AERC*
GEOM
RFORCE
MOTIDON®
AERO*
TRUCK®

BOTTOM*

MOTION®
PITER™
PITER®
INT 1¢
ATMOS®
AERO*
GEOM*
SFORCE*
SETA*
TIRES*
AERQO*
GEOM®
BLDATA
MAXI
BLOATA
MAXI
TIRES®*
FSPRNG*
INT1*
MAXI
MAXI
BLDATA
TIRES*

DIFFL

SETA?
SETA®
AERO

MULT®*

BASE
b RAVY
SFORCE
TRIM®
DIFFL*

INPSPR*

L AMBDA*

BASE*
MASSH*
SUMARY®

GGCALC*

CGCALC*
MOTION
CGCALCH
MOTION

GEON¥*
TRUCK*
MOTION
MOTION
AEROD
TRUCK

ENGULF

DIFFL
SLVE®

BETAIy*
MASSH
SUNARY
TRUCK*
ENGULF¥

TRIM*

PITER*

BETAI 4*
MAXI*
SUNTAB*

oEON*

E XTRNL
REBOUN
EXTRNL
REBOUN

MCTION®
SUMARY

SUMARY
DIFFL*

HYTRUK

ENGULF

BOTTOM
MAXT
SUMT A8

HYTRUK®*

TRUCK*

BOTTOM*
MCTICN*
TIRES*

INL QAD*

FORCEI*
RFORCE*
FORCE]
RFORCE

PRETRNM*
SUMTASB*

SUMTAB*
ENG ULF

INLCAD

EUL ER
MOTION
TIRES*

INLCAD*

EULER*
ORIGIN*
TRIN®

LAMEDA*

FSPRNG
SFORCE*
FSPRNG
SFORCE

TRIk*
TRUCK®

TRUCK*
INLCAD

MOTION

EXTRNL*
ORIG IN*
TRIM*

MOTION*

EXTRNL®
PRETRM*
TRUCK*

MOTION*
GEOM*
TIRES
o EOM*
TIRES

TRUCK* -

INT1X*

SETA*

FORCET
PRETRM
TRUCK

SETA*

i

FCRCEI*
REBCUN*

TRUCK*

L AMBDA
TRIM
LAMBDA®
TRIM

MCTION

SUMTAB

FSPRNG
REBOUN

SUMTAB*

FSPRNC*
RFORCE*

MASSM*
TRUCK
MASSH
TRUCK

SETA*



80T

CKK
CN
CON
CosS
cosSa

COSPHI
COSPSI
COSTHE
C0S1
cgs2
C0S3
ce

cPl
cea
cParT
CPQT1
CPQT?2
CPS
CPSIG
cPST
CPST1
CPST2
CPSD
CRIT

CRKM
cT
Ci
c2

0

DAMPF
DAMPY

DATAIN

I I |

SETA®
GEOM®
RELAX*
AERO*
AEROF
TRUCK
BET AL J*
BETAIJ*
BETAIJ*
AERO*
AERO*
AERO®
BLOATA
TRUCK
AERO®
HYTRUK*
HYTRUK®
HYTRUK*
HY TRUK*
HY T RUK*
MAXI
HYTRUK*®
HY TRUK®
HY TRUK®
HAXT
AERO
GEOM
SFORCE
MAXI
GEOM*
HYTRUK*
HY TRUK*
MAXI*
BLDATA
MAKI
BLDATA
MAXI
BLDATA*
MAX ¥

INPSPR

BETAI J4*
OIFFL

EULER®

EULER*

AERQ*

MOTIGN

MCTION
BASE
MASSH
SUMARY*
MCTION
INPSPR

TIRES™
CGCALC
MOTION
CGCALC
MOTION
CGCALC*
MOTION*

LANBDA

DRAGL*
ENGULF

OIFFL

SLHMARY

SUMARY
BETATY
MAXI

SUMTAD
SUMARY
LAMBDA

EXTRNL
REBOUN
EXTRNL
REBOUN
E XTRNL*
REBOUN®

TIRES*

EULER™
HYTRUK

DRAGL*

SUMTAB*

SUNT AB*
8CTTCH
MOT ION
TIRES

SUMTAB*
TIRES®*

FCRCEI
RFORCE
FORCEI
RFORGE
FCRCEI*
RFORCE*

TRIN

SET A*
INLCAD

ENGULF

TRUCK*

TRUCK*
EUL R
ORIGIN
TRIN
TRUCK®*
TRIM

FSPRNG*
SFORCE
FSPRN G*
SFORGE
FSPRNG*
SFORCE®*

TRUCK

TIRES*
MOTION

INLDAD

EXTRNL
PRETRM
TRUCK®*

TRUGK

GEQOM*
TIRES
GEOM*
TIRES
GEOM®
TIRES*

SETA*

MCTION

FCRCEI
REBOUN

L AMBDA
TRIM
L AMBDA
TRIM
LAMBDA*
TRIM*

SUMTAB

SETA¥

FSPRNG
RFORGE

MASSM
TRUCK
MASSM
TRUCK
MASSM*
TRUCK*



60T

DCG
DCGo

DD
0BCO0E
DDOMIN

001
(110 4
DEFLEC
DEL
DELN
DELTA

DELTAS
DELTAT
DELTD

DELTIM

DELTM
DELTNX
DELTNL
DELTT
DELTX

DELTXL

DELX

DEY
DIF
DIFFL
DIMENS

DISP

4

'

AERO
GEOHM
SFORCE
AERO
GEOM
SFORGE
MAXI*
BLOATA
AERO
GEOM
SFORCE
MAXI®
MAXI®
FSPRNG*
TIRES*
TIRES*
AERO
SUMTASB
BASE*
EULER®
TIRES®
BLOATA
LAMBOA
TRIM
TIRES*
TIRES
TIRES®H
TIRES®
BLOATA
MAXI
BLDATA
MAXI
RELAX®

RELAX*®
TIRES*
AERO*
BLDATA¥*
TRUCK*
BASE

BASE
MASSH
SUMARY
B ASE
MASSH
SUMARY*
TIRES*
AERO
BASE
MASSM
SUMARY®

ATHMOS*
TRUCK*
BOTTOM*
ORIGIN*

ADANT>
MASSH
TRUCK

TRUCK®
TRUCK*

CGCALCT
MOTION®

CGCALC
MOTION®

SoLve®

BOTTOM®

BOTTOM*

BETAIJ
MAXI*
SUMTAB
BETALJ
MAXI*
SUMTAB

DIFFL®
BETALJ

MAXI*
SUMTAB

DIFFL

FSPRNG*

ADAMSH
MAXI*

EXTRNL
REBOUN
EXTRNL
REBOUN

FSPRNG*

F SPRNG*

BCYTOM
MOTION®
TIRES
B8CT TOM
MOTICN
TIRES

ENG ULF
BOTTON

MCTION
TIRES

ENGULF

MAX I*

CGCALC
MOTIONY

FORCEI
RFORCE
FORCEI
RFORCE

GEON*

MAXI®*

EULER
ORIGIN
TRI¥
EUL ER
ORIGIN
TRIM

INLOAD
EULER

ORIGIN
TRIN

HYTRUK

MCT ION*

EXTRNL
REBOUN

FSPRNG

SFORCE
FSPRNG

SFORCE

INPSPR*

MOTION*

EXTRNL
PRETRM
TRUCK
EXTRNL
PRETRM
TRUGK

MOTION
EXTRNL

PRETRM
TRUCK

INLOAD

TRIN®

FORCEI
RFORCE

GEOM®
TIRES
o EQM*
TIRES

MASSM*

TRIM

FCRCEI
REBOUN

FCRCEI
REBOUN

SETA*

" FCRCEI

REBOUN

MCTION

TRUCK*

F SPRNG
S FORCE

L AMBOA

TRIM
LaNMBDA
TRIM

MCTION®

TRUCK

FSPRNG
RFORCE

FSPRNG
RFORCE

TRUCK
FSPRNG
RFORCE

SETA

GEOM®*
TIRES*

MASSH
TRUCK
MASSM

TRUCK

REBOUN®



0Tl

DIsPd
DISX
GISY
DMAX
OMIN
bP
DPRT

DPRT1

DRAGL
Ds
DTTNX
DTTN1
Gy
DYEL

ox

0z

01

02

E

EE

EEF
EMAG
ENDTIM

ENDTX

ENGULF
EPS

ER

v

EUF
EULC
EULER
EXP
EXPAN
EXTDIM

I T I I |

LI T D N I N B N |

BASE®
TIRES®
TIRES®
MAXI®
ENGULF*
DIFFLY
BLDATA
MAXI
BLDATA
MAXI
AERO*
ENGULF*
TIRES
TIRES®
TIRES*
AERO
GEOM
SFORCE
MAXI®
MAXI*
PITER*
PITER*
TIRES®
SETA*
BLDATA
TIRES®
BLOATA
MAXI
BLDATA
MAXT
AEROQ*
TIRES*
PRETRM*
TIRES*
TIRES®*
BOTTOM*
MOTION®
ATMOS*
BOTTOM*
EXTRNL*

PRETRM#

MOTION®
MAXI*®
MAXI®
CGCALC
MOTION®
CGCALC
MOTION*
SETA*

TRUCK*
TRUCK*

BASE
MASSH
SUMARY®
RELAX®
TIRES*#

AERO
CoCALC
MOTION*

CGCALC
MOTION*

RELAX*

EULER®*

DIFFL*
INPSPR®

SUNARY®
MCTION*

EXTRNL
REBOUN
EXTRNL
REBOUN

BETATIJ
MAX I*

SUMTAB*
TIRES*

DIFFL*
EXTRNL
REBOUN

£ XTRNL
REBOUN

TRIM*

MCTION*

HYTRUK*
TRIM

SUMTAB
SUMARY®

FCRCEI
RFORCE
FCRCEI
RFORCE

BOTTOM
MCT ICh\
TIRES

ENGULF
FCRCEI
RFORCE

FORCEI
RFORCE

REB DUN*

TRUCK

TRUCK
SUMTASB

FSPRNG
SFORCE
FSPRNG
SFORCE

EUL ER
ORIGIN
TRIM

INLOAD

FSPRNG
SFORCE
FSPRNG
SFORCE

TRUCK

GEOM

TIRES
GEOM®
TIRES

EXTRNL
PRETRM
TRUCK

MOTION

GEOM*
TIRES
GEGM*
TIRES

L AMBOA
TRIM
L AMBDA
TRIM

FCRCET
REBQUN

SETA*

L AMBDA
TRIM
L AMBDA
TRIM

MASSM
TRUCK
MASSM
TRUCK

FSPRNG
RFORCE

TRUCK

MASSM
TRUCK
MASSM
TRUCK



ITT

EXTRNL
EX1
EX2

F
FAERO

FOAMP
FGRAV
FI

FIPHIJ '

FIPSI
FITHET
FIXJ

FIYJ
FI74

&=L As

FLAG
FLOAT
FMAX
FMIN
FN
FND-
FOFX

FORB
FORC
FORCE

FORCEI
FR
FSPDIM
FSPRNG
FT

FTO
FTIRES
FTMAX
FHIRE
F1

LI T I |

MOTIDN*
PITER*
PITER®
AERO*
AERO*

GEOM

SFORCE

FSPRNG*
EXTRNL*
EXTRNL*
RFORCE*
FORGEI*
RFORCE®*
RFORCE®
FORCEI*

RFORCE™*

AFING

GEOM*
GEOM*
PITER®
PITER®*
TIRES*
TIRES®
BLDATA
TRUCK
TIRES*
FSPRNG*
AERO
GEOM
SFORCE
EXTRNL*
HYTRUK®
FSPRNG*
EXTRNL*
TIRES®*
TIRES®
EXTRNL®*
TIRES*
FSPRNG*
AERO*

TRIM*

FSPRNG*
BASE
MASSHM

CHUMANLW
ps R IR Y L W]

BRAV®

F ORCEI*
SFORCE*
RFORCE*

RFORGE*

BASE*

BASE
MASSHM
SUMARY

INTLX*

PITER®

TRUCK*

PITER®
BETAI J
MAXI

cihaT A

[
ST R D

RFORCE®

SFORCE®

SFORCE*

60TTOM

B8ETAILJ
HAXT
SUMTAB

TRIM*

8CYTOM
MCTIOCN

- -

1 IREDS

SFORCE®*

FSPRNG*

BCT TON
MOTICN*
TIRES

«€ULER
ORIGIN

INPSPR*

EULER
ORICIN
TRIM*

EXTRNL*

PRETRM*

EXTRNL*
PRETRHM
TRUCK

FCRCEI
REBOUN

TIRES*

FCRCEL
REBOUN®

FSPRNG
RFORCE

TRIM*

FSPRNG
RFORCE



CIT

F10
F2
F3
Fi
FS
Fé
F7
Fa
F9
G

60PHI
6GOPSI
GDTHET
GENACC

GENDIS

GENDIX
GENSH
GENVEL

GEOM
GF
ofFCH
GFCH1
GFCH2
GF GCH
oF GCHL
GFGCH2
GFGH
GFGH1
GF SH
wFSH1
GFSH2
GMAT

[ I R IO T R B |

AERO*
AERO®
AERO®
AERO®
AERO®
AERO*
AERO*
AERO®
AERO®
BLOATA
MAXI
FORCEI*
RFORCE*
FORCEI*
ADAMS*
FSPRNG
RFORCE
ADAMS*
FSPRNG*
RFORCE
TRUCK*
PRE TRM*
ADAM3 *
FSPRNG*
RFORCE®
TRUCK*
TIRES*
PRE TRM*
PRETRM*
PRE TR M*
PRETR M*
PRETRM*
PRE TRM*
PRETRM*
PRETRM*
PRE TRM*
PRE TRM*
PRETRM®
TIRES®

TRIM*

CGCALC
MOTION
RFORCE*
SFORCE™
RFORCE*
AERD
o EOM
SFORCE
AERO
GEOM
SFORCE

AERO
GEOM
SFORCE®*

EXTRNL
REBOUN
SFORCE*

SFORGE®*
BASE

MASSH
SWMARY
BASE*
MASSH
SUMARY

BASE
MASSH
SUMARY

FORCEIL
RFORCE

BETAIJ

MAX I*
SUMTAB
BETAIJ
MAXI*
SUNTAE

BETAIJ
MAX I*
SuUMTAS8

FSPRNG
SFORCE

BOTTOM

HOTION*
TIRES

BOTTOM*
MOT ION*
TIRES*

BOTTOM*
MOT IDN*
TIRES*

i

GEOM*
TIRES

EULER

ORIGIN
TRIM
EULER
ORIGIN
TRIM*

EULER*
ORIGIN®
TRIM*

L AMEDA
TRIM

EXTRNL

PRETRM
TRUCK

£ XTRNL
PRETRM*
TRUCK*

EXTRNL
PRETRM
TRUCK

MASSH
TRUCK

FORCE I
REBOUN®

FORCEI
REBOUN

FORCEI*
REBOUN*



€11

- GMSQ

GRAV
GS

G5L
oW N
GENT
GVT
GVTD
GVTT
oX00TJ
GYDOTY
6Z0O0oTJ
HPRIM
HPRIMB
HW

HWK
HYTRUK
I

IA
18
IC
10
10D

1D OF
IDOFS
10UM
IDUM1
IE
IEND
IFIRST
IFL

IH
IHIT

TIRES*
EXTRNL®
BLOATA
MAX I
AERO*®
TIRES®
TIRES®
TIRES™
TIRES®
TIRES®
FORCEI®
RFORCE®
RFORCE®
ATMOS*
ATMQS*
TIRES*
TIRES®
AERO*
ADAMS*
INT1*
REBOUN®
TIRES*
MULT®
MAT XI N*
TIRES®
ADAMI
FSPRNG
PRETRM
TRUCK*
LAMBDA*
LAMBDA®
INPSPR*
LAMBDA®
TIRES®
INPSPR*
80TTOM*
MAXI
BASE®
BOTTON®

CGCALC
MOTION
EXTRNL*

RFORCE*
SFORCE®*
SFORCE®*

AERO*

INT1X*
RELAX*
TRUCK®

TRUCK*
ACAMS
GEOM
REBOUN

LAMBOA*

TRUCK®*
EXTRNL®*
MOTION
PRETRM*

EXTRNL*
REBOUN

SFORCE®

BASE*
MASSH#*
SETA*

A ERO

GRAV
RFORCE

MOTION®
SUMARY

FORCEI

RFORCE

BOTT OM*
MAT XIN*
SCL vE*

BASE

INPSPR
SFORCE

REBOUN
SUMTAR*

FSPRNG
SFORCE

DIFFL*
MAX I*
TRUCK?*

BOTTOM

LAMBDA
SUMARY

TIRES
TRUCK*

GEOM*
TIRES*

ENGULF*
MULT®

CGCALC

MASSH
SUMTASB

TRUCK

L AMBDA
TRIM*

HYTRUK*
PITER*

EXTRNL

MaxI
TIRES

MASSM
TRUCK

INLOAD*
PRETR M*

FORCEI

MOTION
TRIM



AN

IHMY
IHMS
IHME
IHPL
IupP2
II
IIMAX
IINT
IIs
IIS3
IJ
IK
Iu
IM

INDEX

INBEXS
INDEXY
INDEX1
INDEX2
INLOAD
INPSPR
INTFLG
INT1
INT1X
10
I0PT

101

P
IPOQINT
IQRA
Iava
IR

IRL
IRQ

[ I I |

BASE®
BASE®
BASE®
BASE®
BASE®
AERO*
INTL®
INTL®
BLOATA
AERO*
TIRES*®
GEOH*
BASE®
PRETRM*
ADAMI*®
GEOM®
PRETRM*
LAMBDA®
EXTRNL*®
ADAML*
FSPRNG*
AERQ*®
GEOM®
BOTTOM*
BASE®
HYTRUK®
CGCALC®
ADAMI
FSPRNG
MOTION
TRIM
CGCALC*
RELAX®
INPSPR*
TIRES®
TIRES*
MULT®
PRETRM*
MULT®*

PRETRNM®
PRETRM®
PRETRM*
PRETRM*
PRETRM*
TIRES*
TRUCK*
TRUCK®
AERO*

HULT*

ADAMS*®
GRAVE
RFORCE®

FORCEX?
B ASE®
GEOM*

EXTRNL*
FSPRNG*®

F SPRNG*
ACAMS
GEOM*
PRETRM
TRUCK
INPSPR*®
SOLVE*

DIFFL

PRETRM*

BASE#+
INPSPR*
SUMARY®

RFORCE®
FSPRNG*
LAMBDA®

MCTION®
PRETRM*®

G EOM*
AERO
GRAV
REBOUN

ENGULF

TIRES*

BCTTOM®
LAMBDA¥
TRIM*

SFORCE®
GEOM*

REBOUN®
TIRES*

INPSPR®
BASE
HYTRUK*®
RFORCE

INLOCAD

CGCALG*
MASSM¥

GRAV®

T IRES®
TRINM*

LAMBDA®
BOTTOM
INPSPR
SFORCE

MOTION

EXTRNL*
MAT XIN®

INPSPR*

TRUCK*®

MOTION®
CGCALC
LAMBDA
SUMARY

SETA

FCRCETI®
MAXI*

L AMBDA®

TRIM*
EXTRNL
MASSM
SUMTASB

TRUGK

FSPRNG*
MOTION*

MASSM*

TRUCK®
FORCEI
MAXI

TIRES*



CTT

IRCL
IRU
IS

IsD
ISDAMP

ISK
ISKK
ISTART
IT
ITER
IV

J

JCURVE

JDEBUG
JF
JFIR
JFTRINM
JGRAPH

JI

JJ
JHMAX
JP
JPREL
JP1
JTRINM
Ji

Jb

47

KAERO

LI O I |

TIRES*
PRETRM*
BLDATA
SETA
FSPRNG*
/L NATA
MAXI
PRETRM*
PRETRM*
BASE®*
MAT XIN*
TRUCK*
BASE®
ADAMG®
LAMBDA®
SUMTAB*
BLDATA
TRUCK
FSPRNG*®
AERO*
BLOATA
TIRES®
ADAMI
FSPRNG
PRETR#M
TRUCK
MULT®
SUMTAB®*
MAXI
TIRES*
BASE®
TIRES®
TIRES*
MASSM*
ADANMG®
ADAMS*
AERO*
LAMBOA®*
AERO"

TRUGCK*

AERO*
TRUCK

R TN s e

MOTION

FSPRNG*
TIRES™*

BASE™*
MASSNH¥
TRUCK*
BASE®

GEOM*
AERO*
TRIM®
ADAMS

GECM*
REBCUN

MOTION

TRIM*

ATMOS*
MATXIN®

PRETRM®
TRUCK*

CGCALC*®
MATXIN®
BOTTOM
MOTION®
DIFFL®
TRUCK*®
AERO

GRAY
RFORCE

SUMARY

TRUCK

OIFFL*
MULT*

ENGULF

FORCEI*
MUL T*

%SPRNG'
PRETRM*
ENGULF
BASE

INPSPR
SFORCE

SUMTAB*

ENGULF*
SETAax

FSPRNG*
PRE TR #*

INPSPR¥
TRINM®

INLOAD
BOT TOM.

LAMBOA
SUMARY

TRUCK®*

FSPRNG*
soLve*

MATXIN*

GEQON®
RFORCE®*

PRETRM*

TRUCK

MOTION

CGCALC
MASSHM
SUMTAB

INLOALC*
SuMTAB*

HYTRUK®
SFORCE*

T IRES®*

SETA®

E XTRNL
MAXI
TIRES

INPSPR*
TRUCK*

PRETRM*

-4 I

7 X

Le B 741
RXK

INT1X*
SOLVE*

TRIM®

TRUCK
FORCEI

MOTION*
TRIM

INT 1X*



9T1

KAXLB

KAXLES

KB
KBL
KBLAST

KBOG

KC1
KG?2
KDAM

KDEBUG
KDOF
KOUM
KERR

KFLAG
KG
KGHWIR1

KGWIRZ

t

¢ 4 1

ADAMI
FSPRNG
PRETRM
TRUCK
ADAMI
FSPRNG*
PRETRM*
TRUCK*
SOLVE™
HYTRUK*
AERO
TRUCK®
ADAMI
FSPRNG*
PRETRN*
TRUCK
PRETRM*
PRETRM*
ADAMI
FSPRNG
PRETRM
TRUCK*
BLOATA
EXTRNL®*
MOTION®*
ADAMI
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ATMOS*
PITER®
PITER®
TRIM®
TRUCK*
TRIM®
HYTRUK®
MAXTI®
MAXI®
HYTRUK®
HY TRUK*
MAXI®
MAXTI®

AERO*

6EOM
SFORCE

A DAMS*
ADAMS™
ADAMS™
ADAMS*
INPSPR¥

TRUCK®
INPSPR

INPSPR
TIRES*
INPSPR

BASE
MASSHM
SUMARY*

TRIM®
MOTION
MOTION

MOTION
MOTION

BASE

MASSH
SUMARY*

BOTTOM
B8OTTOM
80TTOM
BCTTON
LAMBDA*

LAMBOA*
LAMBDA*

LAMBDA*

BETAL Y
MAXI®*
SUMTAB*

SUMARY®
SUMARY*

SUMARY*
SUMARY®

BETAIJ
MAXI®*
SUMTARB*

EXTRNL
EXTRNL
EXTRNL

EXTRNL
TIRES*

TIRES*
TIRES*
TIRES*

BOTTOM
MCTIOMN
TIRES

SUMTAB

SUMTAS

SUMTAER
SUMTAB

BOT TOM*
MCOT ION*
TIRES*

HOT ION*
MOTION*
MOT ION*
MOT JON*
TRIM®

TRIN
TRIK*

TRINM

EULER
ORIGIN
TRIM

TRUCK
TRUCK

TRUCK
TRUCK

EULER
ORIGIN
TRINM

REBOUN
REBOUN
REBOUN
REBOUN
TRYCK*

TRUCK
TRUCK

TRUCK

EXTRNL
PRETRM
TRUCK

E XTRNL
PRETRM
TRUCK®

TIRES
TIRES
TIRES
TIRES

FCRCE1
REBOUN

FORGE I
REBQUN

FSPRNo
RFORCE



9zT1

TO
T1
T2
T3
Th

va
vDANMP
VOOM
voT

VEL
VIMP
yMA X
YMIN
VNUM
VS

vT
W

WEIGHT
WF

HG
WGTS
WH

X

XB
XBARCM

XBOGIE

XBOX
XCG
XDSAVE

AEROQ®
DIFFL®
DIFFL®
DIFFL®
DIFFL®
GEOM*
DIFFL*
TIRES®
FSPRNG*
REBOUN®
TIRES®
BOTTOM*
REBOUN*
MAXI®
MAXI*
REBOUN®
AERO®
TRUCK
TIRES®
AERO®
TRUCK®
GEOM*
SETA®
BLDATA
SEOM®
SETA¥
BLDATA
PRETRM*®
INL OAD®
AEROQ®
GEOM®
SFORCE®
ADAMI
FSPRNG
PRETRM
TRUCK
BLDATA
CGCALC*
EXTRNL

ENGULF*

INPSPR
FSPRNG*

INPSPR

HOTION*
MOTION®

DIFFL

DIFFL
GRAd*

AERD
GRAY®

BASE*
RELAX™

BASE
MASSM*
SUMARY
A CAMS
L EOM
REBOUN

AERO*
6 EOM*
MAXI

LAMBDA

TRIM

SUMARY®
SUMARY*

ENGULF*

ENGULF
PRETRM*

DIFFL
PRETRM*

B8OTTOM
TIRES*

BETAILJ
MAXT
SUNTASB
AERO
GRAY
RFORGE

OIFFL
INLOAD*
MCTION*

TIRES*

TRUCK

SUMTAB
SUMTAB

HYTRUK

HYTRUK
TRIM*

ENGULF
TRIM

FSPRNG*
TRIM*

BCT TOM
MCTION
TIRES*
BASE

INP SPR
SFORCE

ENGULF*
LAMBDA®
ORIGIN*

TRIM

T RUCK
TRUCK

INLOAD

INLOAD
TRUCK#®

INLOAD
TRUCK

HYTRUK*
TRUCK

EULER
ORIGIN
TRIMN
BOT TOM
LAMBD A*
SUMARY

INLCAO*
MOTION
TIRES

TRUCK

MOTION

MOTION

MOTION

INPSPR*

EXTRNL
PRETRM*
TRUCK
GGCALC
MASSHM
SUNMTAB

MOTION
TRUCK
TRIM

SETA*

SETA

SETA*
INTL®
FCRCEI®
REBCUN
EXTRNL
MAXI
TIRES
SETA

TRUCK

SUMTASB

SUMT AB*

TRUCK

INT 1X*
FSPRNG
RFORCE®*
FORCEI
MOTION
TRIM

TRUCK



Le1

XLAMDA

xLJ
XMASS
XMJ
X0BAR
X0BARD
XPREL
XPROP
XRES
XSAVE
XSAVEX
XSC

X7

xT8
XTBAR
XX1i

X0

X1

X3

X4

YAH

YAHD
Y8
YB80X
YCG
YOSAV

LI B T |

TIRES*
BLDATA
HAXI
BLDATA
MAXT
BLOATA
MAXI
BLDATA
MAXI
BASE®
TRUCK
FORCEI®*
MASSM*
FORCEI™*
EXTRNL*
ORIGIN®
BASE®
RELAX"™
RELAX*
EXTRNL
TRUCK*
TIRES*
INT1#
EXTRNL
TIRES*®
REL AX™
ENGULF*
AERO*
AERO*
AERQ*
AERO
GEOM
SFORGE
EULER*
INLOAD*
BLDATA
CGCALC*
BOTTOM

CGCALC
MOTION
CGCALC
MOTION

-CoCALC

MOTION
CGCALC
MOTION
BOTTOM*

RFORCE*
MOTION*
RFORCE*
MAXI®

MAXI

INTIX*
MAXI*

B ASE
MASSHM
SUMARY

A ERO*
b EOM*
EULER®

E XTRNL
REBOUN
EXTRNL
REBOUN
EXTRNL
REBOUN
EXTRNL
REBOUN
EXTRNL

SFORGE*
REBOUN*
SFORCE®*
MCTION*

MCOTION

MCTION

BEYATIJ*
MAXI
SUMTASB

DIFFL
INLOAD*
MOTION*

FCRCEI*
RFORCE

FORCEI*
RFORCE*
FCRCET*
RFORCE®
FORCETI*
RFORCE"
FSPRANG*

TRUCK

ORIGIN*

ORIGIN®

ORIGIN

BOT TOM
MCTICHN®
TIRES

ENGULF
LAMBOA®
REB OUN

FSPRNG
SFORCE
FSPRNG
SFORCE*
FSPRNG
SFORCE*
FSPRNG
SFORCE®
LAMBDA®

TIRES*

TIRES

TIRES*

EULER®
ORIGIN
TRIm*

INLOCAD*
MCT ION

GEOM*
TIRES
GEOM®
TIRES
GEOM*
TIRES
GEOM*
TIRES
PRETRM*

TRIM*

TRIM*

TRIM

EXTRNL
PRETRM
TRUCK*

MOTION
TRUCK

L. AMBDA
TRIM
L AMBDA
TRINM

TRIM
L AMBDA
TRIM
REBOUN*

TRUCK*

TRUCK*

TRUCK

FCRCEIL
RESQUN

SETA

MASSM*
TRUCK
MASSM*
TRUCK
MASSM*
TRUCK
MASSM*
TRUCK
TRIM

FSPRNG
RFORCE

TRUCK



8¢T

YDSAVE -
YIELD -
YL Jd -
YOBAR -
YOBARD =
YSAY -
YSAVE -
YSAVEX =
Y7 -
YT8AR -
z -

B -
280X -
ZC6 -
ZDSAVE -
LJ -
Z0BAR -
I0OBARD -
IS AVE -
ISAYEX -
T8

ITBAR

NO UNUSED

EXTRNL
MAXI
FORCEI*
EXTRNL
ORIGIN*
BOTTOM
EXTRNL
TRUCK*
INT1*
TIRES*
AERO*
SUMTAB
INLODADR®
BLDATA
CGCALC*
EXTRNL
FORCEI*
EXTRNL
ORIGIN*
EXTRNL
TRUCK*®
EXTRNL
TIRES*

MAXT
MOTION
RFORCE®
MAXT

EULER*
MAXI

ATMOS*
TRUCK

AERO*
LEQOM*
MAXI
RFORCE™
MAXI*®

MAXT

MAXI*

MOTION*
SUMARY

SFORCE®*
MCTION*

MOTION*
MCTION

DIFFL

CIFFL

INLOAD*
MCTION®*
SFORCE*
MCTION®*

MOTION

MOTION

ORIGIN®
SUMTAE®*

ORIGIN®

REBOUN
ORIGIN®

ENGULF

ENGULF®
LAMBOA®
ORIGIN*
ORIGIN*
ORIGIN®

ORIGIN

VARIABLES APPEAR IN THE ABOWE LIST.

TIRES
TRUCK*

TIRES*

TIRES

HYTRUK

INLOAD®
MOT ION
TIRES
TIRES*
TIRES

TIRES*

TRIM

TRIM*

TRIM*

INLOAD

MOTION
TRUCK
TRIM
TRIM*
TRIM*

TRIM

TRUCK

TRUCK®

TRUCK*

MCTION

SETA
TRUCK
TRUCK®*
TRUCK*

TRUCK

SETA*

TRUCK
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SUBRDUTINE ADAMIC(DELTIY)
INITIALIZE INTEGRATION VARIABLES FOR COPEN ADAMS METHOD.

COHHON/AD&H/

AS
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T L

nnug-y

DO = =i K Z
bt NI I
A PG NI TN 1) AP 1

SrGmooomy

MZzMzZmmme -

>XOXOrrr-—t

b [T 17} g ot

» 3G |} € bt h et X

Pt ff XX

Z N0 NN

m D
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z 2 2

G!APH KAXLB(Z) KAXLES
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KSTART4NEQsNIT,GR(100) 4QRO(6,100) 5 GRP (100),T1012,
KBOZ s KDAN,KE RR,KGHIRL
é HIBF, MSPRNG, ’

5 NG,
S R(BDvNSPRNGvNTRIA’
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SUBROUTINE ADAMS(GENOISy GEN VEL 4GENACC yTIME,DELT IM)

e
¢ FIFTH ORDER OPEN ADAMS INTEGRATION.
COMMON/ADAM/  KSTART,NEQ.NIT,QR(100) 4QRD (6,100) ,QRP (100),TL 012,
t  TL02,TI024,T1072
COMMON/OPTIONY IOPT JEIAPHIKAXLBL2) oK AXLES K306 KDAM KERRgKGHIQis
1 KgWIR2,KRACKS,KRIGID, K KNIRES yMASSES, MDF » MSPRN
2 NRSPREL),NCALL NCASELN OB Nbur.upaiut.na R(SDoNSPRNG.NTRIAL,
. 3 XBUGIE(2) »IDDC4HG)
. DIMENSION GENDIS( 1),GENVELC 1),GENACCC 1)
C INITIALIZE.
D0 500 INDEX=1,MDOF
QRCINDEX) =GENDISCINDEX)
. QRUINOEX+MDOF)=GENYEL CINDEX)
&Rntt.ruosx)=canvELtrNaEx)
¢ 500 QROCE,INDEX+HOOF =GENATE (INDEX)
¢ INTEGRATE .
GO TO (3000,30014300653006), NIT
3000 TIME = TIMESDELTIN
3001 IF (CSTART.£Q.1) GO TO 3027
DD 3003 I=1,NEQ ‘
. QRP(IL)=QR (T}
00 3003 J=1,5
J6=6-J
37=7-1 ‘
(3003 QRD(I7, 1) =QRD (46, T
GO TD (300%,3004,3011,3015,3019,3023), KSTART
3004 DO 3005 I=1¢NE
(3005 QROI) =GRP (17 +QRD(2Z, I) *DELTIN
NIT=3
TIME= TIME ¢DELTIM
. G0 T0 3025
3006 GO TO (3007,3007,3013,3017,3021) KSTARF
3007 DD 3008 I=1,NEQ.
o8 QREI) =QRPII )+ (QRD(1, 1) +QRO(2, 1)) *T1 02
3009 NIT=NIT+1 ‘
IF (NIT.NE.S) GO TO 3025
KSTART=KS TART +1
NIT=t
. G0 YO 3025
3011 DD 3012 I=1,NEQ :
3012 3¥#£%=QRP(I;+(3.D'QRD(Z,I)-IRD(3,I))'TIOZ
. GO TO 302S y
3013 Do 31 I=1,NEQ
3014 QREI)=aRP (I} +(5.0%Q3D (1, 1) ¢B.0%2R0(2, T)-QRO(3,1)) *TIOL2
. G0 TO 3809 .
3015 D0 3616 I=1,NEQ
3018 a%;I§=JRP(I’+123.0‘&RD(2,I'-16.0'QRD(3.I)*S.U’QRD(#,I))‘TIOIZ
. GO TO 3025
3017 DD 3018 I=1,NEQ
SUialnR(ID=%%85£)+(Q.B'QinllgIlfigoﬂ'QRDiZ,I)-S.G'QRD(3.I)+QRle.Il)'
GO TO 3009
3019 DO 3020 F=1,NEQ

ADANS
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I)-59.0%QRD(3, 1)+ 37 0*QRD{4,1I) -

NIT=3

GD T0 3025

(%)

(2,11 =264, 0*QRO(3 1)+
o¥2

THIS EQUATION IS ALWAYS USED.

N HAS STARTED,

D(3,I)+
51, 0%¥2RDO(64I0)}*TIOT2

*QRDU(3y 1
Je251.0%

D -

X+M0OOF)

RNV ]
ad P - -~
[PRITE) &
e e PRI TR
| ZOD
U Z X
AT b b
P o W
[ L] —17;

RETURN
END
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SUBROUTINE BETAIJ

ION MATRIX FROM

4, BETA.

=L
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SAVE INDEX FOR TIRE~SPIING DATA.
NTSPR M= HSPRNGIZ!Z

NSPRNG=MSPRNG /2
HSPRNO-HSPRNGfZ‘KBOG

STRUGCTJRE.,

MASS DATA.

MASSE S=1 +KAXLES+KRACKS

IF (KSHELTGT.0) MASSES=MASSESHL

IF (KRIGID.EQ.1) YASSES=1

DIMENSION CHECKS - SET UP ON VARIABLE

DIMENSIONS, %%axssvs

IF (MDIF.GT.MAXDOF) 60 YO 2100

IF (MSPRNG.GT.MAXSP} GO TO 2200

IF (MASSES.GT.MAX®ASY GO TO 2300

STRUCTURE MASS AND POSITION.

00 120 INDEX=1,MASSES

READ(S,6) CGMASSIINEE X) CGPOS(1,INDEKI,CGPDS(2|INDEX)1
CGPOS (3, INDE

CeGe CALCULATIONS.
CALL C3CALC

XBARE N=POSITION 0F MASS WeReTe CoGe
DO 12% INDEX=1,MASSES
XBARG H(1, INOEX} =CGPOS (1, INDEX) -XCG
XBARE M(2, INDEX) =CGPOS (2, INDEX) ~YCG
XBARGC M(33 INDEX) =CGP0S (3, INDEX) -ZC6
WRITE (6543) INDEXs( XBARCMUIO,INDEX) +IC=1,3)
INERTIA DATA.
READ (544) XIYZ
WRITE (6511} XIY¥Z
DO 130 IK =1,MASSES
READ(S,4) XTLUIK),XI2 (IK),XIZCIK)
MRITE(G+16) XILCIK) 9 XT2(IK)4KI3(IK)

CONTI NUE
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JOMPJTE LAMBOA MATRIX.
CALL LAMBOA
IF KERR.GT.0) RETURIN
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SUBRDUTINE ORIGIN(DELTAT)
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SUBROUTINE PITER (CsRyNTRIAL,KOK)
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SUBRDOUTINE PRETRM

CALLED ONLY IF GUY WIRES ARE USED.

QOO

ERR KGHWIL s

NG,y
NGyNTRIAL,

L
(

N, DVEL ,
NVEL (50) ,KYIRE,
Y AN

AM, K

MSPR

NSPR

D
’
’

054K
MDOF
R(3)

Ll »
=D -
r oM m e
Ot winl)
O - (]
Pt r ] NNxE
- Wit =
nx leg -
i €3 b3 -4
oo <l e
oz b 37,1 4
owm [ FY] -8
[&18.5 74 -
O en [N I
i, T -
-~ mw2
wmnx o e}
o 2 e
ot I . -
W wiiden
Yax [ e
Q- X
ol QA
-l e < -
M oed [ 4w]5)
) (LT %]
MOO D ™o

DA e~
o O Y e
el ol o3
WOWMDIOO e dw
[calad e 1o 4 [ Fo BT ]

Oed ™ WIQ

s JCURVEL(52) yMAXSPRyNPPZ(52),

GTS(13)

—
]
-y

(o L
-l ot
[T
e
.

Ul ~NOOMNN
ey LA Yl

N\ W OO mem
QOO M et

oz
wd bl

} 3 GENSH(3)

HEIGAT, W
J.ERC 3

~,
=N
Tw
(L]:4

OO - Ol

Lo oL 40 Nw DO -l
OOTOUXOFKEHALNOXO
o OV I l:[ps”nfyr

-t

u.ﬂtunosﬂ [sr]=Twl wh4
ELETITXINZWNIExTI W

x EX X
[~ [l Lw)
[ ] QOey
i -l U

X
(=]
(& 14

]

rrxr
O
(&Yl

-
-
175 ]
-
L]
[ 55
-
x
(&)
a\ -
[~ 4
o
> -
o ] -
W x
- - o 4
o | x - by
u L [Falik 3
X - -r™
W Mol D T
e Xt
W X X o
- o X
[- 4 X e Ll
x a3 el d
t mw =} 4
wd » <Ew
=W ~ 0 X
[orJ ] » - x _a=
[} - -4 40
14 - 23 UF| V] ]
o - > O )
[ T8 o Ew * bl w -l
[&] (17, - s | (7}
(] o =) aed =104 Lt "
€ b oYy OO0 APUV
¥l - -0 = P} X [+ 4
o [ 7] DO oWt O =
WL e xz W ~dY Tu a z
= vl v - vt O LA OIS
O« + N "o Tro {38 ] s IXu+ Z - -0
Ww = XX ow N QO [=] o~ o e
oS 1T 175 TR ] OOl M L2 12 B & B of FERFERSTY, YT e . [=T-]
~HOWx < sU. DY N X ¥ ITOU IIe o oo o
- o J0 e e el TOOa W S el
Al E X INO X Headd || D EFX welhOnOuLLX ¢ EOMC
vl o ek dH XX D or a0 WD WL [ s
rllUYOoO Il HWWETITEW +Q0WW Wikl il =00 L e B b lal ]
OZ=4+ | VMNEXTTZNbdibtit | © #h H TTTET NHWH O U
- )T o b DN Ui Hututg = Oeer il Y OO Ly dd bl b £
[P [T STV S I 1) =.|.: LBl wwin = O B W
YU .4 ol :USE L el Il ORI T T (| ™ oL
= HIXT USIZ&...DGHHH 1,3\ QQONKD wi>0NaM
el 2ZZ BG.LU ZIaaXTEOOO-N Oty & X
- N orro HITTIrITW ULy o Wl =00 e e O WO
TU  HOD RO L o b e b st et 0 L9 00 0 N et Y O T Zr-ZO0W00
(] (=] N -]
-t o o »”
QO (&3 [&]

L
xr
-
o
-
o
[
w
-
z (%]
(=] [FV RS ]
L] -4
| L o
[ g5 b
(7] ¥ZF O -
jo] [ o T~ = R |
[+ N e W e~
[1]: 4 Iy
(L) >a 4+ (N
= wn A b
et o M ew
= ORFZT (3 i
Qs |
= SO0 M= =or
TE T 7, L
" OMSHIIN M
SUMIX 1Mm=
= AN WM i
W =00y ¥Ou
Y e bt £ el el e et ) el
i
[=3
[
[&]4T4)

PRETR

191



HM
ENDIS(IHP2)

»
-
i -
.
tn
- [
=i -
L ]
- o
<X Lo -
~ I - =
- - %] z
- < = e =
o o ~ Q
i - = - m
bl <l W &
D -~ o r " 174
w o IY b e o o -
oxX -t L e a [w]}
w X -l - N 4 - s
L (%334 o e T bed - M LJd
i = ] [a Ve ln g b’ 4 i - - (€.
- W... L X - <o -+ - T
- T O z - N -
0 <t o~ D -E - > T x E
ol @ (LR = el v'a o 1w "
(=110 o » Q. o b o ) - (.. ] =] z O 0
IAVERTL § Lol o N & Ja | 4 x - ] ¥ ult L
[l | o bl W T LINNT e D O L]
O o Ew) ROl Oryn NMmiH o O ~ Lt
[ Wt - T X Tl € e o e - -~ ] - —
-4 00 - w v Ty PO AT T0OM - T -
1 OoOvl e~ ™ - DWW Ve - [LE JTRLI LT o [=} - ()N o
N (D e ax bt om0y L U O eTZZ= OO0 O T EO x
-l - () ~ -l YW LR N Y ed SS@ENOTT WKEA
- e T e el Oy T LU (L] - NZOOK -
-~ QL el (& 17 - QO v W - 00 O« MUl X o
¥ 09 X D= WE "ww e T T O &9l il wHeaDWO "N OV I * ]
Y = 2O wo I<x OHIMY ¥ OIM =] LWOY o X @O - -
- | vwZe N Gk N b Ol a0 AZWO Xt~ o o
- 2 nHut » » © b AZUWi0I e OHL AL sO0NEO st OMMIBO - 9 o
O ¢ 0P ~ 000 e e el Z el Xm0 ¢= ¢ 1 O0NE  pmtr o ND s
O it T HUHH O e - HodOdbdA Il Nlom STLThiOCIN ¥ HwITTITI4H »Dl O
G ) | elrtmesml) O W HA S ITTI W O et Z IWEOL kb (OO w0
Zowd it LN WD UMDY ) N ™A == _ NN N - Winrrrne ™3 8 $hd@lfY) Tt v wr T o iy O
e - NZNwwwZ | AN - Nedllu NZv ~ENNODEY XX DM OmZ~ B Z
L 0 bk € o kbt bt 2 % T bk et O b bt I e ZECD LA b ek bd " [IICTBOTK% bt b bed L™ OO0 Y
Owrw UM || OMAN=TITTIN F v JOOQZZZZ YO HINOOOOHw JID-XD
[T N IZTZITTZENNMANY || ZPAAN AT Z T vl D ZZZZT b b d (Y
[1a10,] TR T ] Nowwwwokwu b © OEEEQEEEFFFFRFIHOEEEEHRFAEREE
NIIIA.LT.T.CGGSGCGGGIT.D L0 O O CHDD U bl b el AL O = OO SO - E O E W Y
-l
- (] i o (=1 [
My My L] 4 no

[
[=]
-l

GUY WIRES)

192

>

FORMAT STATEMENTS.

ERROY IN DATA



9500 Eg%ﬂhT (/931K GUY WIRE TRIM ABORTED (PRETRM))

PRETR

193



REBOUN (NSP)

SUBROUTINE

R

4]
COMMON
COMM
CoM

QOOLOOLO

"
- -4 -
o [ g |
-l » Lan K~ 4
o W b4 X et
=] (%4 L (L. . g
- b LY ¥ -
- - ofF - =z
-~ ¥ oCw X ee
<@ LY« I [i AL (L)
[=] - Y wWZz
-t [=J- s Moy
- N Qe L0
0o v FoQo v
¥ Wd =S a¥yrzx
O BWLWEOY - [T Y
- MO o0 W L -
- Lo N ol IV
O ZFul aDean ] LY=L
D O A000 o oxn
i X aeMoa o« N m s
[~ Lol lond=-d o R 3 (pl)
W O el ew Y alicy
- “wAMO O [ 7a17)-4
O OwwIO.) o ity »
o VnNTagzlusw oL
O Ot OO et (O el x>
s OO0 o0 +O) < w4
- e TWM ~ wino
S QWOM e=~En wlJO.
o OUXvyia,l et -
- O e Uil N »
- nea T MONOHA Y -
& amOrM e 2 a [ead du ]
T NN E N > - e
* e OFME < -2
= =0 Q. L w) [ g Iy
QWD OO wlo
ZF AT ONMAY - eT O
* OF e rte T - oL
[} Pl f o 02 2 0o wer
W omd oM gt oL o »
T M o D owmun
- e Y el [FaY 1 T2
K MOONNELL by el
¥ wBh B~ ONIY) mwSem

Al et WO et V(T
T P b Lt | oo 7 (7 o 2 ) bt !Ap(.. LS
VIOWICINLD ox DFAUH o s
Wi DX =X » PT.:UVA o
—_ O e -4 f £ {m]
o s N NOOW

SPRING FORCE

ENERALIZED IMPULSE DUE TO UNIT

F e ZO Vd ZgZ s WOTO

NN Y Z N IO O e

OO el O U X () bt 3 e O

e L e N N N N S - L]

ZOZ WM Z 1T X ZZZTXWNG

O bt 2 o ot 3 L1 Sk £ 5 €26 5 YL Mol P
—FILOTOMEZIINI XN Z >

x IYIXTI X

o [=]elelwle]w]

C CPucccc

e A il Ealyll r]

DH e
[& > s ]
a4 ED
I O wr O
e i)W

M) X LAMDA(NSP+2,M=b)
£
E
S

). o |
Yw FTrIaOoOOoOO|U el
Y 0D a8 e g sw
w0 | =lLNLODOoORD

-
=
-
Q
o
<
=z
d
]
rrx »
20 a
Z0 x
> -
=
* + +
-~ -
F¥ n I
- n: ~—
wuw =3
GCHT L
QM
ooty Fo»
LU >0 W e
B wWad DO
- L)
LEFS UL |
Quw=—Z O
Ot X o =

WO WUFyY
IO e w
“wZZ e wHdO

UR7 R o P LI T T TR Y L T R R TR TV N TP R TR PITE

el b ¢ X mmmm e J= QT OD | =T )
o ZTFT™
D ZONOw e wwe I5 1 | u ninyJdeluFF
OB b Y

ZTeO O Tt M) i e er

Mt XML bbby ™

HOwORZNwwHOO0OO00OWO 0T luuHPC?.
I H VYY) IO DOFE

CoOLAOdNLULOOOOQOOOAAAZAOZOIRIO
Ol WXOZT O LU L LLOOOSDCI D00

o

o
-
-l

=3 oo
N MHA
L vt

REBOUN

194



3K+ ERs NOKy NPRINT,NCOUNT)
PRES(501,PX(50),RRES(50),

S
EFORE VERY FIRST CALL.

DECEMBER 197S.
DIMENSION RES(NEQ)} X {NEQ) ,ER (NEQ)

VERSION 2.0,

-—
i
¥.)
L]
s
-
W
-
o
4 -
- |t
[t-] z
4 -
M L]
-l [$)
i -l - 4 F
- +* L
o v »
- > —~
- b 4 Iry} _—
~ 1] o <
w (=4 o
= -4 - -
o = - 4
- - b4 2]
(7] - [%.) i
19] - x L -
[+ 4 (=] - b 75 o et

-z L] - - - e

[= | - L n | ot 1]

W » * & w -~ w O z

b4 - w o " o= ] LD o L)

~e L} 1] o z - [ 1]

i ~ - > a -l o

([ - - (=] 1 o =l -0 Ll

= o - [&) - =4 (D o >

- Ol == b4 -~ o0 Z o -, b4
(= L (1] L) | T - - [a 47} o
ITZE O N oo -l £ O > 4 (Mgl n

o ek ) e I et -r - e -t - N0 [=1 >
O o - . v L O ZmO o o
=l o -~ ] ) Wt O T Oy a ol

& o0 —_— - 2 - K=" & - ey - o
[ B of 1] Ll 7 2 P X - - o [ [ - e
(4, PN . BN - tT) o ol N - Wi e o, o - -

Z eacy e OO o HOY = x TN ~ o
-y W -llF W LT Ol 2 - D LRk =] > %]
HXIOZE - g - Do LY 2. = =L - [ L.

W, 8 9 [ LY P P o ¢ - - CHpmwr o9 () Cwil il O e
W sSorw WX e Oy e WZ -2 WNEa O ¢ W -

T wlid g ZO ew LITZUW ww e ZOM U T ZWHDO LiwZ— FhdaiH -

" e g ottt Z e T alNiNem O 1D ofw ¢ ZTWOad eamild - nx

(=1 b« LY TV « I TRL . T - Q21 WS SO 8 el Tl

" Z eZ T N =IO Ot O~ HZmZE O Nt el el W Lot

OO wID Do I bt T TN B TR TERS ol s 4y il RN Olliwixil Z W\ Ow o
oo OONn WHAS sCTI | e IDNOTTEFTONZ O b WD XK -~ i
- 1-Na S ETAY NDOZOZE Uz EDOFD Z e 11 OZ MU - Z
HeZLUUEZZP O CEmEZF mevwOieO wOXZZOONCw T MO0 Mt o O Lt O
Zo 1) T T ) ot e e T et () I v e e P (NI DO N DM I QT O wd s bd N N DD [ ==X DD
[ 14 oucs =z -y =x WZ OV D O wiyy Z el OY MY =D

oL FOLLOOZOMULLOUWUWLOXNKUWLOOON w L OwO LLIOMISLYOLALODwx Y SAOWOOEQOOWZ
FOM L bt b 22 00 b £ 5t b ) 3 O D £ D I W A Z M 2 QN O O D= M DM A A ZZ X ZORLZTFW

oo ~N (] - R J 8 =] . I=] [ ¥ [T Y N

[Tyl o - -l o~ - o O
] - vl e
-t

RELAX

195



SUBRDUTINE RFORCE(FI,M,KDOF sINBEXY)

RFORCE CALCULATES NON-ACCELERATION INERTIA TERMS FORM RACK MNASSES.

CoM

OO0

20) \KTIRE,
o
P
N
]

L
(
M
0
P
M
S
S

Wl autnOaEZ
DU D &0 e
Ml of)l bl -
2Z¥» o Y eOM
Ul s N (A
[SILPN - lalale) £14
T DD wn en
L e F D (13
0O ey w bty
eI A QA (W=
Ower E W) »
(G175 -4 ATYNET- § J
It N O T T
QoX O -~
rel m T MWD
QUIDM e sl
LN ™y e Y
O e e eI »
e TN = X
-~ WO WD
WINT (N0 e O
ot DM T
D ml Ll ) »
OO O vy LM
HIE NN «TO
OZrd o TN ™
el o0 WZ
LI L P
s BN P NP, o R TY
o e e MO et ()
MOONW=Ia
b 2274 Ve L2 T T E T
e ol e\ Z
e EO O W+t
LWIOIMVS e O ot
A (DT i (N d 2
Clad b IO
Lo o2 S b 2 O O b
et T O HZ AL Z
N T O ea-
O O L vt 3 e O L
I e el L) -
o ol 3020 Ol Z
QOXnr sOX -0
Sou FY/ 3 Y, o Pl S bl O LB
Zidk=Z _13»TFENOW
Ot it (D Ll O (DX Y T
LU EONE N Zwll
o r x
o o -
[ (&} o
L L VIR Y VY NY )

3r=XLJ
J
Yoordy)
o*

L
2)
ZL
*5
Ze

Wi &~
- e
L L
[FRET.L QL
O ikl d
* il 2 Lk
>
—->ZulZ
L 4V LI
~Hudse O
11D O
T en
F OO -
s > | 0
108 w  w
1 sl o )

(GENVEL (1) *GENVEL(2)

o o e e 1L
L

FNVEL(BI‘(GENVEL(6)+Z.U'

T
> Il LI LD THD ™Y
NZ>>% =% =]
AT ZHOD O -
TDOWWEOTEO™
e CIC T S T
O ¥ $ &0

FIXKJEXMI s XLIoYLIsZL U GYDBOTJLGZD
FIVYJUXMI o XLJ YLDy ZL I GX00TU44GZ2D

O LN

_— [ 3

g M- — -—

- I . N - - S

- o - - -

— e - -

O Wwo =+ - -

OO D A - * -t

- ) 8 ZTZ¥ | - -

NN WD e - -
* e 4 D% Ty - =

W ommon % DD MW Y -~

- Ve v = M N

e OO D el o FErpea

~ vk ded W * [ M >y

bbbl - o~ - [N ] [ ]

W =l > b3

LR Y b _jOw wrwrem e
IR e T ed ™ Iy
+MO% WS T el Wikt e
O e IMTUIZ A WA XA
MONS ZUWOW v e Ly
th e (D Nemdr L) oW Ll W
—t o med Dhe ™ (Do ™ (D
] WO Y] # T3
=N NN e e
d A Ty e TH T e ] e ) et el L
et d ot E et e Y TO. T T
12 WD ™I LU O = ) (D 2 O, e e ) b=
Z2g =] > (O M Qw00
WZZ DO T sy ont=i e (D = 1 DD
(S TTUITED e b TFWIRS I TAR AT ) o RS E N
DN D wydw | ) N
> d |OOF §fm_Jwr_ | wetw wify
[ TP, T N [ VU SO L P Ll
P (DY o LU D W Y W o
(D e =) D F e D S S LI L)
o Ol Z i T ZZ o
O Ll O Z Ll Z X
[ Lagad W2 B SLITNIL ) 48 U FU)
[= ] 1L i (D% R (3D
=R Tl
-] " 0]
D pgm
U Ot
- At 2 7]
o N . N

L

L

G

D
FITHET(J,GOPHI,GDPSI)
FIPSI (JyGDPHILGOTHETY

FIZJI(XMI
FIPHLJ(J

= OUNM FD e e OINY ed UMY UM

RACKS

[&]&15T5]

*

» -~ -—

- ™ -
A T Y o
-y X > ot ™
— - o [\VA 4
Ol v L e [ P
-l O -~ QEN - X hef
EOITE W T puf V)4 [
e il | - e d §

) oma L vt e - (NL N -
e 9L NEZT T

o dad -~

Naw Zuily X WEV Newipd =T
T _ I w DY e T i MY
* MU= TZ M Zer % (Bl =
o~ ) e L T el
T+ZWDG X BSOSO T | Z> 44X
mem LT N W & » LY "NV} .4 e
1D - ~_0d MW -

weord U Lo X hm wewsid T
X jmihh pond e Tl e
QllTs MeTw MEw Ollede X
X wm et wawt w.) E>wE
TE_ITXEMm- T SZF e XAy
DWW OO QN> W
MOt KA Z XDDw »x
i Zwell | 4 ALl TL -
*» =UEOD a~ KO =Ly e
(B O MmOl PO -
Xy b b X~ o | Xwihad U+
[ P R A N T oy ot Lo+ - I PO L
VWEZNEX NN EMIRXUIIEX 2>
NS s v D w LI sw  Fi
TZM% SSX&SSLLDANBQ Wl
T (NN* W NWWZ T ™ - OZ
OO Ty DM OUDEE (W
O O XL~ | WEZIZwORr O™ -0
&Y HODE o b (DU e ) -
L NI et g IO OU) L (D A
- e b gl e B e ) e O e 1 -
e WMEmoabdd | b m Z L% XT > %
ko (Dl PRI Nl B (D
VD e sy % e e e |y | e o e 9 ] T £ ama L)
YT )t DLl 1w ST il
W e pmllaZOLt e o fa o220
S OIS Sl e LT | NOS v i 27
W et T E b P ey T e
cm T E Ul S L Z e T E L X
OO W SO N X OO0 L OW
R b 2k D= W
WA T OOTTFRCOS W NTdSZ I T
N=mul v oW Z om0 DO LI O Z
WO ML NN DWW & O3 3 D D1

OZw it | |+ Dd~wlik~1% % 5
ot bt =D

o o W 1

Mo It

*» e - -

NN £ -

N - - L4

> O b=t .

¥l Le u

w_AIMLF DO R M S sd DN NS

RFORCE

196



VEL(5)~-2.0
1)

— —
[ VRN » o
- | =~ =
>~ S >
2 Y ¢ S S 4
Wl o -
Qo N OZIoQ NoO
Z2Z * * % LInZ2F - F
[ Lo P SN P (D2Chlbrd M pfom
war T o X i ] oo g
dadv T o e Ol ], ¥
WWN 11 = () e WU e W
= NN Y O wm T s
ZZel & (N o Yl T T o Ty
wufs 3 & ¥ mmwulJdlutl ™ L)
LG O X O ZwdhidO - 00
wRfY €7 WU £ LHAT R R M
—~em % 9 # OVWZ ™ i
rFro o % S weriHLIT N - b o
LI . o * XD rmm [
L L3V A VI o ¥ * N e NNNET M
- oy iy +* N T N Py,
EXm oo & - eb T ETEXMw TZ
OQOE T = X Me sOO0OMM O
K = T w wlk MHEEMX oS
QeI N w (N Ewmwdcl {w oI w
oW N N ONEXTMED » -« Y
MM < () A (K POII e D
%X T o ¥ IS TN 4 &
- amhD D FoamlD M| o D
wWEED O UM W TOFXrXN. ExX
ety i O™ W L0 0 e et L] o e )

AN e e X V)X (N0
LN O Al T TallNsTwinT
L () N Telel Wit =t
e e ) W (OO X
RUGTLITSE STV PR TE AL Ll P I 7y (L. 18D o L I
e (DT e T L] gl 2 o S O L/YC D o e 3 B
L NS Vi W 4 VTR . T AT AT
Kol = i Z o Ul O et T i | Z
L) < 4O € LD Do L 5 (00 e O oo COUN 3 0 e 9 L
O v e o 5w WD e T O vor e 5 D e (D
Ttk D WOy Wiy o 0 LW »
Ll T - % T O e Ol e O DL
o Sy S b LY s b A e 0 A TR e ZZ 2D e
el T ™ o] e " v ] T T e T T vt e ef I B
W L G b s e ) e v 0D o WL KA o e L (1)
= O WA g W SN E WO W g
Zh 3 P>OUWIIDILINDID * il
WO ZZZ > T Z>a ZMZOOZT 00
W oo +WIWWIIZZWRIZEuixU] » sWiZZ o

-

p_—

r

-

g}

—

x

w

=4

-

- @

-

o) -

- ]

» T

- -

oL o

-r Ty -

Iz T

Q- O
[ "
o) X
cu mm
> X
rZ L
sl o
v X
» e [ ]
L L b~ 4
o -y
EX YXw
Ol
o ow
a9z a>»
k4 N
XKw U
LS B ]
iyl e
>» X
W et
i 0
[ 7o TV 7 }
< s AN
o Xl
¥ w0
O O
b L4 )
WX »>_
O et
[T ) TR
- Il Z

£Y=21%1}

$;Q?H(2r M) s XBARCM{ 3,M),

mx

FITHET(M GENVEL(INDEXY+1 ), GENVEL(INDEXY=2))
1
L

FIPHIJ(MGENVELC(INDEXY+2}, GENVEL{IN)

- % SO0 DI I+ OO L XD B W i
P =P VN
i n n [T W | TR L
OO no

FI 2}
FIL3)
FIC(H)

PO el UMY UMY e UM LMD R (T

e RN e [=]
Wil Wy
- e
O Ol
[PV TE,. v TS

_.r
0’0\-0\-0
Ou aloL o
YOWAOWD W
LN =N N - B
LAl W™ u
Ow OwOyw O
Qi =i &S
WiLMWL MWW M

1

=INDEXY+6

300 INDEXY

RFCRCE

197



AWVSyH,2Z

L)

LR

TING ARQUND EACH
AST+PIMP,PR,
N
X
)
)

L
I
)
]
I
4

MmN o »

M W DT AU
[N
ofY e L L b 0 LD Y e
T e = I Rk
Ll _JOwitwe »
L WALN w0
O QO O -
- e OM.FNND
O <l eee e e
LD O S smen
M OZOD edarx
~L QIO e el
(1%, ] o0 L= OW0m

A

o = D e,
» b T OMIN -
U CEN s~ —-D
[ » 2CHADHND
[73) O - oD » D
IO QT L) o]
T = s+
[« W PN ol e =&
O = TR D Y e
T Ol =D . D)
L CY e, e D e T
[VEITY] CELY S [T I R |
TY OO0 eZwwo )
b Xy, (el OO
T T, Ty, T
O a9 B4 NS »
o =] Y] 73 T N -
L L s *oy
WD S o O Pt »
=0 == e n e D
WY NNQemamiOW o »
WD S & OO0
Z OO e OO » w0 e
Y U gD e D
o S Cr et Y DL S, Y e S e g
SN E o ZU O
M o DAOLIA ™M
FNIWE A TWZWVuie-rN
M=~ 0O X
DT O
[Zpl o d o IV & RN & ]
- UM IO

[&]&]&]

o~
n
—
—
-
L
[
- 0
— -— (]
-_— L ] D
-— o [ ]
M~ ~
» (] F -
. o .- S]]
[Ta) et - 8 10
+ ~ N W™
* ~ 3] el L]
[ » L] [+ ] i D
- [V} it -0 -
* -~ L4 oy, L =
[T (=] (=] -— Ol i
P g » -0 i . e »
b Y -~ w3 =T a0\ L | -~
M . o o |- Q- =)
-y N [§-) NN+ .| -~
'S ] ~ [—-}T] oLy b i
M oD (] P -, [ ) - wl W
0+ o O -~ * | 0 v Swi W W
[ VA ] ] [ ] [ PN N, o - il
» Wi - Lo — ] -t inoon -]
T - | sweby A N g L LY -
N e -~ - oz ONJI0 - m - - -l
il b - © LD kT ™ i Oomam 4
* o he bl -l LR 3 Qe . ey - ® (=]
= P - o - (1.8 PN o snp M o e
e 4] — LY ol T e Dty = - -
L4 ~d oY [ » 1 o - o+ &r OFauw Owrwr L L (=] i)
- - =Ny -~ K ~ D DN 7 L A ool W (L i
-im NN - - e —pad 0.0 et sl W oWl X e DD
[} - ol e =2 1= [ Y. ] Ow sl % D0 ooyl O ZaAT X
Ommd,) g oo 214 OO0 ewiNel 2N 0 ¢l | COX o » v p ¢ 1O - - Y e
O T ol = X (N (JINO M el o.bnn ik QO - Q. L Kl rdone © © 2O 04 )
s () N Ny 1% I VU O¥Y -l e O ss e & * O e ewly
/SNBIIIIL((Z+1L -3 ) il X ? w0 W IHHIIINCD @ & | eriVi;mes
HOMSOO A Ti-% N 0 - - e —_— X -~ e e s v (AN ND. sheibd
[N &17.] KOst » 0 bt D ko bl o (SR - ! ol e o g, o Tl e el L W L) el Z e
* HUHHBH I UOAT o 0 O o9 Nimbwr gurbiwr [ wifl. g s edf) = |} an | % 5 o i bk e LB Jwed (D el ™Mk [LIV. IV« ]
onn ALY OO0 Qv Wl Jdwi A BZLA I = G Jderesr 59 o oZFOQ|IICIG<
.4 g -~ Ned N bedom iy, £ wf LS o )] el PO IO ™IS T
L UM N ::(INO:(N(I: ::(: :IOI((!(((T((T(T(TPiISI::
11 0 T o ot e o w Adm LD ~r bl ) T - - 0 D ol - 4 o

DILLLLLLiZHKOARFAIKSDEFSFKAREFFAQFBSGFFEEEEDFFOFOFOOUOPFAB
IO T L LT AL TIO IO TLNCIA LA, O T A LT bmbel T X O, 3 b b L (U 0 WO b O et (D 1ed £ O O 2 bt el T
' i ~ o« oo
o o o O
- v e

o

SETA

198



154
(]
-
[T}
- er x
<t Lo -4 -
~ | - (7]
- — [ R
(28 [P 17, ] -
= 2y =
~ () /N D -
-4 < [ 2 B
™ 17237 ] a W
gy [w]e] - L]
72 ) 4 [&T4] QO
* -y * % < -
<N DT, b » W
¢ ) < «r W GO
» 0 * Wx
Cex [S]&] . ~
Q% (& 14 ) -~ M
[ ] co O
| RN LT Qo -
LY L) T b4 Ot W
. Vwraw ’ g -t F
Pl DO hahal s2t] .. ey
e oY g — 4 - 4 [T=-1- 7 |
X I % NN b 1 8
i gy Sy i, — o g -~
STXZEZ zZrze Wuhwe
N N e cnn e b o
-l L L L T T Bt e o i e
- XX LX) (- A2 T-W
LV e VLV IV NN XXuUl »
(=] O o vy g v o 0
] iMoo falae VIS - g W oy
(72 K - I — ) b land el e b o (=1 WY
ne L1 51717, 17217017417 ] ¢ slalD
ady n - laat Yk
= - “nnan iy Lvowe
- » s s
i T e o g gy, LOILTe
i oo o wWMZZZZN ZFzrr e e JC 1N
MM " s D oo el )00
] Bt 8 8 bl b b b el e e bt e = L)
e Ml aman Ll -4 = T =1 A 4
Ml D ANl W e A i i e i i O
o A e O [} T g et 1] N Nt Y s e = a? S
] -0 - OF O b (Y

OFFUFCOJJJJDGJJJJOUFFDUEN
DIJGJCGSSSSGCSSSSCSIIFF [« TT]

o
-y
-l

53] o e
-4 NN M
-l il hat

o0
oo
[--L |
vl el

SETA

199



SUBRODUTINE SFORGE(FIsMyKDOF,INDEXY)

ATES NON-ACCLERATION INERTIA FORCES FROM

[&1&[& &)

X
WIW,

L ]

t

G
NTRIAL,

EL,
LC50) +KTIRE,

v
E
il
)
{
b |
o
'
1

Ot ol b= s
rZraty sOMm
i et O (N
[SILP Y —Yalele)k .4
Y «Mnl =0 =0
() e e ZF i LN )
O el w2 sl
MOMO A e NNZ
w((HD iy »
NTAXTW Jeak
O O X T
mmm [ = g ]
[P N &V e 4
OIMM s ol
CID N el o i O T
O e et »
ouom, N U (D) vt I
-~ v e 0 N D
WINENQ - 2O
vt e O L, MY O e 2
) wll el vdicld >
bt (U O W LD
T onm aTo
Ot w0
el X0 WT
-~iD pfe el e w
" et OV Dt
o e Y0 Y
MOONUIS™ILD T
- DI gt
aw sl eN=KZ O
e Dl W
LEIND o2 n_jw
DY wOE smiNAD

COad e LD
AN AN E TS T S
HHAZOHAZAT o
,‘FIN(OR LN
LY b oL W el 2 o O

DO epub B

- .

- — -—
- . e | .
- | “ - -
b L o~ - )
' [ 1= * =t L) e -
- e - P O
iy - | -y Ty
- NN & - T P R 1T )
-l e -~ -y - Lwo
(R T ) e - ¥ >0
Ny v M N TEX
A L g | 2 b= e _Jjn
L~ ) 1= XD
(L TR ) +* [ T -
* WD ZT  a e W O~ w
D ZZL TTIe et WO
-l 2L w3 ik &
LD (D O] W e e
% o Likded  _IMTY gD
WE=Om DX e W
Al o Fhaw WO e
ZhwNuw W ~ Ze- Zoaw
L i (Nemd L X i
Mt il %™ (D (Ol
- b 3 = Z U
* i arWew =¥ WD
JL((E)JHHPIiIEJG(
T ed HOYe MmO N I X 4 #
KVEE“U._I?_(DB(KPTXZ’
BZE>IOM 1108 w=00 e

A E T EON b bl | DD =
LWL M N ) i e A B "o o
(DD § (D W gl | LN b L

O% &

FIYJOXMI P XL 9 YLU,ZL Iy GXDOTSZGZD

e jw ] wntOwD>
b TR TTT N L Lt JO0 -4
-2 ISV - S
MZZw-2LILIO>W
il ZHINZ D> o
M A LU Z W) o~
- Ok XOW=U™

-y DO

o O

" ot Y e

[} 3
oyl

-

e

M ome @
sl O

-

A

>t

-2

b

- i) Lt

x>

o Z

har 2 179

= 0

! e

- b

FIPHL J{J, GDTHET,,50P3I)
FIPSI(J)ysGOPHI,GOTHET)

FI1ZJ

-AIM LD OO el OO e

N 